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Industry-Sponsored 
Research Sharply Up 

A 39-per cent increase in industry-sponsored re- 
search for the first quarter of 1954 compared with the 
same period last year is reported in a quarterly fiscal 
report issued by the Armour Research Foundation, 
Illinois Institute of Technology. Government- 
sponsored research, on the other hand, remained rela- 
tively unchanged, registering only a 1-per cent in- 
crease. 

Owing to the sharp rise in industry-sponsored proj- 
ects, the Foundation’s overall volume showed a 10-per 
cent gain. 


Dynamic “Mike” With 
Transistor Amplifier 

Built-in transistorized amplifier is the heart of a 
dynamic microphone developed by the Acoustical 
Equipment Section of the Signal Corps Engineering 
Laboratories to replace the standard carbon type for 
certain purposes. The carbon type, when used _ in 
vehicles and tanks, is affected by vibration and intro- 
duces objectionable noise and distortion into the 
communications circuits. Dynamic microphones, how- 
ever, normally require relatively bulky amplifiers, 
usually contained in a separate case. By utilizing a 
transistorized amplifier and building it within the 
microphone handle, this problem has been solved by 
the SCEL engineers. 

Net result is a dynamic microphone no larger than 
the carbon type, employing but a fraction of the power 
formerly needed, and sturdier, with longer indicated 
life. Field test models are now being made ready for 
actual service evaluation by the Army Field Forces. 


Research Studies 
in Magnetic Domains 

Extensive research in the characteristics of magnetic 
domains in electrical steels is underway at the Re- 
search and Development Laboratory, United States 
Steel Corp., Pittsburgh. Means are sought for control- 
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“Zone-melting” can refine germanium = and 
other materials to an almost ultimate of purity 

99.99999999 per cent pure. Bell Telephone 
Laboratory's W. G. Pfann, the inventor, is 
shown operating the equipment; associate J. 
H. Seaff is holding large germanium crystal. 
(Details on page 8.) 


ling the orientation of the domains, thus possibly pro- 
viding techniques for still further improving the 
properties of the steels. 

Test disks approximately % in. diam are punched 
from specimen steel sheets, then are mechanically 
polished, and finally electroplated to an extremely 
smooth, stain-free surface. A drop of colloidal sus- 
pension of magnetite (Fe,;O,) is applied to the disk 
surface and covered with a glass plate. The sample 
is then placed between the poles of an electromagnet 
with the “rolling” direction parallel to the direction 
of the applied magnetic field. The magnetic particles 
in the suspension are attracted to the edges of the 
magnetic areas within the crystal structure of the disk 
sample and form a clear outline of each domain. 

These domains form patterns determined by the 
crystal orientation and the strength of the applied 
magnetic field. The microscope through which the 
sample is studied is so arranged that the sample can 
be put under a measured stress and a determination 
made of the effects of mechanical strain on magnetic 
domains. 


Mineral Insulated 
R-F Wire and Cable 

The relatively low dielectric constant and extremely 
low dielectric loss of magnesium oxide makes mineral- 
insulated wire suitable for high-frequency use. Amend- 
ment 2 dated February 11, 1953, to Specification 
JAN-C-17A covers two types of r-f coaxial cable util- 
izing mineral insulation. The two types are the 
RG-81/U and RG-82/U and both are suitable for con- 
tinuous operation at 250 C. Other mineral-insulated 
cables are also used in both coaxial and twin conductor 
forms in r-f circuits where high temperatures or high 
pressures or both conditions are encountered. Usually 
the conductor and outer sheath are of copper. Alumi- 
num also can be used but experience in this construc- 
tion is understood to be limited. 

A review of developments in mineral insulated wir- 
ing was presented by G. S. Eager, Jr., and S. P. Lam- 
berton, Research Laboratories, General Cable Corpo- 
ration, at the Second Annual Symposium on Technical 
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RESEARCH HORIZONS 








Progress in Communication Wires and Cable, under 
sponsorship of the Signal Corps Engineering Labora- 
tories, Asbury Park, December 14-16. . . . The use of 
mineral-insulated wire for machine-tools was de- 
scribed earlier in this publication. (EM 10-53/149) 


Plasticizer Effect 
on Insulation 


Electrical properties of plasticizers used in com- 
pounding insulating materials, such as polyvinyl chlo- 
ride, should receive as much study as the resins them- 
selves. We should modify the tendency to establish 
the electrical characteristics of the finished insulation 
compound on the basis of the electrical characteristics 
of the resin alone. For an example, an additive such as 
calcined clay, can effectively improve the electrical 
properties of both plasticizer and final insulating 
compound. 

One of the most important considerations is the 
volatility of the plasticizer at operating temperatures. 
Plasticizers are used as permanent “flexibilizing” 
agents and therefore their permanence or volatility can 
become of critical importance. 

These points were emphasized in a discussion, “Prop- 
erties of Plasticizers and Their Relation to Electrical 
Compounding,” by J. J. Morris, Fine Chemicals De- 
partment, Carbide and Carbon Chemicals Company, 
and W. J. Canavan, Bakelite Company, before the 
Symposium on Wires and Cables, sponsored by the 
Signal Corps Engineering Laboratories. 


99.99999999 
Per Cent Pure 


If this looks like a typographical stutter, it isn’t. 
It’s just the purity of germanium crystals as made 
by a new process called “zone melting” developed 
at the Bell Telephone Laboratories. (See illustration 
on P. 6) This process takes advantage of the phe- 
nomenon that impurities are not equally soluble in 
the solid and liquid states of a substance. There is 
a greater extent of solubility in the liquid state. 

An ingot of the metal being refined is passed 
through a circular induction heater and is brought to 
a molten state. For germanium the temperature will 
reach about 1760 F. During this operation the molten 
zone of the ingot tends to accumulate and hold the 
impurities while a purer portion solidifies on the 
other side of the induction heater. 

A series of heaters is used so that a progressive 
purification is achieved. At the end of the run, all the 
impurities have in effect been “swept” into one end 
of the ingot. This end, after solidification, may be 
cut off. 

The process may be applied to other metals and 
semi-conductors, not only to germanium. Examples: 
extra-pure tin and antimony. . . . The process also 
provides a new research tool since the concentration 
of impurities in one end of an ingot will facilitate 
their identification and study. 
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Research Emphasis 
On Arcing Tests 


High-power arc-resistance test methods are in 
for considerable attention. Studies such as those 
made by Boeing Airplane Company (see “Arcing 
Performance of Plastics Insulation,” page 102 this 
issue) have done much to stimulate and _ revive 
interest in this subject. 

Current activity of ASTM Committee D-9, Sub- 
committee XII, Section G on Arc Resistance, re- 
flects this interest. Recent meeting on March 24 at 
Roanoke, Va., examined progress in work aiming to 
improve arc-resistance test methods and in extend- 
ing the range to higher current values. A special 
meeting of Section G is planned for either April 
or May. 


Unsolved Problems 
in Materials 


Current problems in the field of materials specifica- 
tions and test methods are summarized in a 24-page 
booklet, “Some Unsolved Problems,” compiled by the 
ASTM Administrative Committee on Research. Publi- 
cation is intended to stimulate studies that may help 
solve these problems. 

Not all the problems, of course, are of interest to 
the field of electrically energized products, but several 
have a direct and important relationship. Committee 
B-5 on Copper and Copper Alloys, Cast and Wrought, 
for example, is concerned with the presence of mag- 
netism in commercial copper alloys. When these are 
used for housings, frames and other parts in instru- 
ments that contain magnetic devices, errors may be 
introduced in the readings. 

Committee D-9 on Electrical Insulating Materials, 
as another example, is concerned with the problems 
that relate to the testing of solid insulating materials 
for resistance to surface breakdown under the influ- 
ence of essentially tangential electric field. 


Capsule Notes on 
Research Reports 

New York University’s “Engineering Research Re- 
view,” Vol. 4, No. 1, January 1954, summarizes the 
functions and accomplishments of the Defense De- 
partment’s Panel on Electron Tube. The university 
furnishes a secretariat of 25 persons to coordinate the 
work of the panel. Copies are available from Office 
of Information Services, N. Y. U., New York 53, N. Y. 

“Magnetic Field of Cylindrical and Annular Coils,” 
No. 38 in the Applied Mathematics Series of the Na- 
tional Bureau of Standards, provides the axial and 
radial components of the magnetic field at any point 
in space of a cylindrical or annular coil carrying an 
electric current. Mathematical formulas are expressed 
in terms of complete elliptic integrals or of Legendre 
functions. Available at 25¢ per copy from the Gov- 
ernment Printing Office, Washington 25, D. C. 


—A.E.J. 
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Human Factors 


PROGRESS IN AUTOMATICITY requires clear 
recognition of the human factors that are 
concerned with the operation of many ma- 
chines and systems. These factors are a far 
cry from the simple manual effort of a 
machine operator. They invoke human limi- 
tations and capabilities that not only relate 
to such straightforward controls as knobs, 
levers and switches, but also extend to 
monitoring by such means as visual dis- 
plays, auditory signals, process control 
panels, scanning and plotting boards. 

In fact, human factors enter the auto- 
matic system a step ahead of actual moni- 
toring since programming of operation se- 
quences is also a human function. And, 
finally, maintenance is still another human 
factor particularly vital in automatic §sys- 
tems. 

In the design of elaborate centralized 
control systems, the human factors are in- 
voked to an extraordinarily high degree. 
The visual area subject to the operator's 
responsibility is enlarged manifold, as com- 
pared to the relative simplicity of one or 
two controls or instruments on discrete 
machines. 

Graphic flow charts that utilize scale 
outlines of equipment may greatly simplify 
the “search-and-find” problem with respect 
to remotely located units of a system. Visual 
displays (both recording and measuring 
instruments ) are suitably located in proper 
relationship to symbolic representations of 
system units. And so are warning signals, 
such as the annunciator alarms. Control 
panels even include television screens for 
observing remote operations over a closed 
circuit. All means for alerting and inform- 
ing the operator are thus integrated into 
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in Automaticity 


the design with full consideration of human- 
engineering values. Net result is that the 
operator is able to quickly sense, integrate, 
and respond to any situation that confronts 
him. 

The article, “Design of Graphic Control 
Panels,” beginning on page 109 of this 
issue, reflects some of the aspects of human 
engineering within the overall problems of 
graphic control-panel design. A more direct 
discussion of human engineering appeared 
in the March issue, “Human Engineering 
in Control Systems.” Every engineer con- 
cerned with product design should be 
cognizant of the significance of these funda- 
mental principles. The application of human 
factors to design is a logical consequence 
of the increasing application of electrical 
power (through motors and controls) to a 
diversity of products. The simple push- 
button or switch led in turn to human tasks 
that entail the function of reading instru- 
ments, and ultimately to the integrated 
design of signals, controls and instruments 
that form the heart of a monitoring system. 

It is a basic concept of an automatic 
system, considered (as it should be) as a 
man-machine system, that it should provide 
the operator with instrumentation, alerting 
means, and even emergency manual con- 
trols. This basic concept should have wide 
application in a diversity of products and 
systems. It can be related not only to com- 
plex process systems and complicated ma- 
chine tool controls, but eventually to home 
appliances (the electric range or the auto- 
matic clothes washer, for example) as these 
become progressively more and more auto- 
matic and so impose new responsibilities 
on the responses of the human operator. 














Electro-Hydraulic 


Servo Systems 


Development of accurate servovalves has made possible the combination 


of electrical and hydraulic circuits in fast-acting, closed loop 


servo controls for heavy loads such as encountered in machine tools. 


The design of the hydraulic portion of such systems is described. 


D. G. O’Brien and R. D. Atchley 
MIDWESTERN GEOPHYSICAL LABORATORY, Tulsa, Okla. 


WHEN FAST RESPONSE of load to control signal is 
required, the electro-hydraulic system offers dynamic 
performance that cannot be equalled by purely elec- 
trical systems. Since a tight hydraulic system provides, 
in effect, a rigid connection between the power source 
and the element to be actuated (a ram, for example), 
there is practically no lapse of time between the open- 
ing of a valve and movement of the element. On the 
other hand, when electrical power is applied to an 
element such as a solenoid, delay is inherent while the 
magnetic field is being established. In the case of high- 
inertia loads, hydraulic actuators have the added 
advantage of being smaller in size than comparable 
electrical actuators. 

Fast and accurate automatic controls are often 
called for in major equipment such as machine tools. 
Here, excellent results are obtained by combining 
electrical circuits for sensing, computing and data 
storage with hydraulic circuits for actuation. In these 
electro-hydraulic servo systems, the hydraulic servo- 
valve is the key element which forms the junction 
between electrical and hydraulic circuits. 

A hydraulic servovalve, Fig. 1, is an electro-mechan- 
ical-hydraulic transducer. When it is supplied with a 
constant-pressure source of hydraulic power, this 
device gives an output flow of oil approximately lin- 
early proportional to an electrical input signal both in 
magnitude and direction. Its operation can be under- 
stood by referring to Fig. 2, a schematic diagram of an 
uncompensated single-stage control valve manufac- 
tured by Midwestern Geophysical Laboratory. The 
valve consists of two cylinders and two pistons. The 
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pistons are connected to opposite ends of the torque- 
motor armature so that the pistons move differentially 
with respect to one ancther. When one moves to the 
left in the diagram, the other moves to the right and 
vice versa. Hydraulic oil under pressure is supplied to 
the central cavity of each piston through the line 
marked “Supply-In.” For the piston position shown on 
the diagram, the oil is being supplied to the load in 
such a direction as to move the ram upward. If the 
direction of the torque motor deflection were reversed, 
the flow of oil to the load would also be reversed. 
Because of the manner in which the servovalve is con- 
structed, one piston completely controls the flow of oil 
in one direction (both to and from the load ), while the 
other piston controls the flow of oil in the opposite 
direction. 

The servovalve is, in effect, a hydraulic amplifier. 
It is important to note that the magnitude of the input 
signal controls the rate of flow of oil out of the valve. 
Expressed in another way, piston displacement con- 
trols oil velocity. This property is necessary for the 
proper operation of the closed-loop servosystem in 
which the valve is normally employed. The flow char- 
acteristics of the valve for one particular system pres- 
sure are shown in Fig. 3. The advantages of a hydrau- 
lic servovalve are: (1) relatively small size and light 
weight considering its high power rating; (2) extremely 
fast dynamic performance; and (3) reliability and long 
life. This device has some disadvantages: (1) the need 
for a source of hydraulic power; (2) the necessity for 
acquiring new control techniques and concepts as well 
as personnel who are capable of designing and main- 
taining the hydraulic systems; (3) the cleanliness 
problem associated with the use of a fluid medium as 
a power source; and (4) low overall system efficiency. 
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Application Factors. The use of the hydraulic system 
in preference to the electrical system is usually brought 
about by one of two conditions: either the electrical 
system is inherently not capable of giving the required 
performance or the electrical system, while capable, is 
too large or too heavy for the intended application. 
Genérally, a hydraulic control system is higher in cost 
than is a comparable electrical control system. This 
condition owes its existence to two principal factors: 
(1) because a source of hydraulic power of the cor- 
rect pressure and flow capabilities is frequently not 
available, a sizeable investment must be made in the 
installation of a suitable hydraulic power supply, and 
(2) because of the relatively young state of the art, 
hydraulic control components are expensive. However, 
it should be noted that a hydraulic system is not always 
more expensive than an equivalent electrical system. 
This is particularly true if the source of hydraulic 
power is already available and has sufficient capacity 
to handle the additional load. Also, because of the 
rapid progress being made in this field, the price of the 
more expensive components, such as hydraulic servo- 
valves, is continually decreasing. One other factor con- 
cerning costs concerns the expense involved in attain- 
ing performance capabilities not possible by any other 
means. It is almost a truism that improvement of any 
type must be paid for in additional effort and expense. 
The field of automatic control is no exception. 

By means of a block diagram, Fig. 4, it can be 
shown how a hydraulic servovalve is used in a closed- 
loop system to control the position of some device. The 
input signal in the form of a d-c voltage is applied to 
the electronic servoamplifier. The amplifier operates 
on this signal in such a fashion that its output is a 
differential current, Al, proportional in magnitude and 
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direction to the input voltage. This differential current, 
in turn, is applied to the torque motor, generically 
called an electro-mechanical actuator. This device pro- 
duces an output displacement X proportional in mag- 
nitude and direction to the input differential current. 
This displacement is used to control the position of the 
pistons in the hydraulic control valve or servovalve as 
it is more commonly called. As previously explained, 
the position of the pistons determines the flow of oil 
QO from the valve. This, in turn, determines the direc- 
tion and velocity of motion of the load actuator which 
is shown as a ram in the diagram of Fig. 4. This ram 
then drives the load to which is connected the feed- 
back element. 

For the system shown, this particular feedback ele- 
ment must be a transducer which produces a d-c out- 
put voltage proportional in magnitude and direction 
to the motion of the load member. The feedback sig- 
nal is brought back to the amplifier where it is added 
in a negative sense to the input signal. This is known 
as negative feedback. The signal remaining after the 
feedback has been subtracted from the input is fed to 
the amplifier to produce the differential current in the 
manner previously described. 

The closed-loop system described is a position servo- 
mechanism. If the transducer monitoring the load 
motion were a tachometer or other device producing 
an output signal proportional to input velocity, the 
system would be a velocity servomechanism. By using 
a feedback element sensitive to acceleration, the sys- 
tem is made an acceleration servomechanism. More 
than one kind of feedback signal is used. In a position 
servomechanism, for instance, velocity feedback is 
frequently used to obtain additional damping which 
improves system stability. Damping obtained in this 
manner is as effective as viscous damping on the load 
member, but has the additional advantage of being 
nondissipative in nature. This reduces hydraulic 
power-supply requirements and eliminates the heat- 
ing effects of ordinary viscous damping. 


Servoamplifier. A schematic diagram of the type 
of amplifier used in the block diagram of Fig. 4 is 
shown in Fig. 5. The input signal is applied to a sum- 
ming circuit consisting of the 470-kilohm resistor, a 
270-kilohm resistor and a 1 megohm potentiometer. 
The output from this potentiometer, which is also used 
to control the gain of the servoamplifier, is applied to 
one grid of a cathode-coupled d-c amplifier. The other 
grid is returned to ground through a potentiometer 
which is used to introduce a dither signal into the 
closed-loop. The purpose of the dither signal is to 
produce a controlled high-frequency oscillation which 
is used to break free elements within the loop which 
have considerable static friction. This makes the oper- 
ation of the system smoother and reduces dead-zone 
and hysteresis. The balanced output signals from the 
cathode-coupled amplifier are fed to the control grids 
of a pair of pentodes in the output stage. These pen- 
todes produce the differential current in the torque 
motor coils which controls the position of the pistons 
in the servovalve. 

Pentodes are necessary to produce the relatively 
large current (40 ma maximum) taken by the torque 
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motor and to provide a high output impedance so 
that the self-time constant (L/R) of the torque-motor 
output-stage combination is made as small as possible. 
The 100-ohm resistors in series with the torque motor 
coils are used to monitor the current flowing through 
each coil. It will be noticed that level and balance con- 
trols are incorporated in the cathode-coupled stage so 
that the quiescent current flowing in the torque motor 
coils may be adjusted to the correct level and made 
equal in each coil. 

The servoamplifier shown in Fig. 5 contains a local 
9000-cps oscillator because quite commonly the device 
used as a position indicator is a differential transformer 
which must be excited from a high-frequency source. 
The output from this type of pickup is a suppressed- 
carrier, amplitude-modulated wave. This signal is am- 
plified and phase-inverted after it is returned to the 
servoamplifier. It is then demodulated in a phase-sen- 
sitive demodulator which obtains its reference voltage 
from the same local oscillator. The d-c signal from 
the demodulator is then filtered in the two-section RC 
filter to remove the even harmonics of the carrier fre- 
quency which are generated during the demodulation 
process. This filtered d-c signal is now subtracted from 
the input signal by adding it in a negative sense to the 
input signal in the summing circuit. 

The servoamplifier described is typical of those used 
to control hydraulic servovalves. The section shown as 
the “Forward Path,” in particular, will be common to 
almost all servoamplifiers of this type. The configura- 
tion of the “Feedback Path” will be governed by the 
type of feedback element connected to the load. If, for 
instance, the element is a device which produces d-c 
output voltage, then the feedback path may consist of 
only a resistive network used to obtain the proper 
scale factor for the system. 

Hydraulic control applications may be described in 
terms of output motion which is generally either 
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valve operating at 1500 
psi hydraulic pressure. 
Note that hydraulic out- 


put is proportional to 
both magnitude and po- 
larity of electrical in- 
put. 
shes : 
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rotary, translatory or a combination of the two. Hy- 
draulic devices capable of producing a rotary output 
motion are gearmotors, piston motors, vane-type 
motors and ram and linkage arrangements. Devices 
having translatory output motion are hydraulic rams, 
both single and double-ended, and rotary actuators 
with suitable linkages. 

Factors determining the choice of actuator for a spe- 
cific servo application are pressure rating, torque, 
torque-to-inertia ratio, entrapped oil volume, speed 
range, dependability, reliability and service life. 


Hydraulic Power Sources. High pressure oil to oper- 
ate a dynamically-fast hydraulic servosystem may be 
supplied by a constant-displacement pump with a pre- 
set pressure relief valve in the output line; a constant- 
displacement pump with a shuttle valve, or a variable- 
displacement pump pressure-compensated by means 
of a self-contained servosystem. These three supply 
systems are shown in Fig. 6. The constant-displace- 
ment pump and relief valve is perhaps the simplest of 
the three. It may be of the gear or piston type depend- 
ing upon the operating pressure and other factors. The 
relief valve is placed directly across the pump output 
to bypass the oil directly to the sump when the sys- 
tem pressure exceeds the value determined by the 
pressure setting of the relief valve. Since most servosys- 
tems demand small amounts of power most of the 
time, the relief valve is almost continuously bypassing 
the total oil output from the pump. Much of the out- 
put power is dissipated as the oil passes this valve, 
increasing oil temperature. With a system capable of 
producing even a few horsepower, the oil temperature 
becomes excessive unless some cooling system is em- 
ployed. The hot oil from the relief valve is usually 
passed through a water-cooled heat exchanger before 
it is returned to the sump. Such a system is inefficient 
and poses a difficult cooling problem particularly if a 
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source of cold running water is not readily available. 
The chief advantages of this system are its simplicity, 
relatively low cost and good dynamic performance. 

The constant-displacement pump and shuttle valve 
system consists of positive-displacement pump, on-off 
pressure-actuated shuttle valve and accumulator. The 
valve alternately bypasses the pump to the sump when 
the system attains maximum pressure and connects the 
pump to the supply line and its accumulator when the 
system reaches minimum pressure. The pump capacity 
always exceeds the maximum flow and pressure re- 
quirements of the system and the excess energy is 
collected in the accumulator in the supply line. Usually 
the pressure variations do not exceed 20 per cent of 
maximum. This system is efficient hydraulically, espe- 
cially if the shuttle valve cycle is short. When the 
system operates in this manner, the accumulator cycle 
is approximately adiabatic with low energy loss. 

The system using a variable-displacement pump 
with self-contained pressure regulator is the most effi- 
cient and most expensive of the three considered. The 
pump varies its stroke to supply oil at constant pres- 
sure and varying volume as required by the load. Many 
times, the dynamic response of a_variable-volume 
pump is insufficient for the load. This difficulty is over- 
come by placing a small accumulator in the supply 
line. 

An accumulator serves in a hydraulic system as does 
a condenser in an electrical circuit. It acts both as a 
filter smoothing out pressure ripples in the line and as 
an energy storage element, capable of delivering for 
short periods of time extra amounts of energy which 
the hydraulic power supply by itself might not be able 
to furnish unless its capacity were greatly increased. 
Since there are many variables involved, the selection 
of an accumulator must often be based on experience. 
It has been found that an accumulator should gen- 
erally have a storage capacity equal to at least one- 
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tenth the maximum flow capabilities of the hydraulic 
servovalve. The accumulator must also be capable of 
operating at the maximum system pressure. It should 
be located physically as close to the supply side of the 
servovalve as possible to minimize line loss. As pre- 
viously stated, the servovalve should be located near 
the load actuator to minimize entrapped oil volume 
and thus improve dynamic performance. 


Load Matching. There are several criteria which 
may be applied in selecting a hydraulic servovalve for 
a given application. Depending on whether the output 
motion of the system is translatory or rotary, the maxi- 
mum required output force or torque must be deter- 
mined first. Usually, this maximum value comes about 
as a result of the summation of two separate force or 
torque requirements. One of these is imposed by the 
steady-state load requirement, and the other is neces- 
sary to produce the maximum required output ac- 
celeration. In addition to producing acceleration, the 
output force or torque may also be used to attain a 
velocity against a viscous drag or to produce deflec- 
tion of a translatory or rotary spring. Usually, how- 
ever, it will be found that the combination of steady- 
state load plus the acceleration requirement will repre- 
sent the maximum load condition for a high-perform- 
ance hydraulic servo-system. The output force or 
torque requirement may, therefore, be expressed by: 


F.= a = + M.a, (1), or 
T. "ss t Joao (2) 
Where: F, ae force (Ib) 
F,, — steady-state output force (lb) 
(lb-sec? ) 
M, = equivalent output mass < 
( In. ) 
Ay maximum ouput acceleration ae 
T, = required output torque (in-lb) 
T,, — steady-state output torque (in-lb) 
], = equivalent output moment of inertia 
(in.-lb sec? ) 
a, — output angular acceleration (rad/sec? ) 


Since the ouput force is equal to the product of the 
ram area and the pressure drop across the ram, the 
required area of the ram piston can be calculated 
from: 

Am > (3) 
Where: the required ram area (in.2) 
AP = the pressure drop across:ram (psi) 

Since the ouput torque of most rotary motion de- 
vices is equal to the product of the available pressure 
drop and the displacement per revolution of the rotary 


device, the required displacement can be calculated 
from the equation: 
T 
—— ) 
re AP (4 
Where: d,, is displacement per revolution of the rota- 
ry motor (in*) 

If the force or torque requirement brought about by 
output member acceleration requirements is less than 
that brought about by either ouput velocity or output 
displacement requirements, it is a fairly simple matter 
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to modify the above equations to take into account this 
new requirement. One then must apply either the 
equations: 


F = Bu or T = Bo (5) 
or the equations: 
F = Kx orT = Ke (6) 


where: F = the load force (lb) 


A» rs in.lb sec 
B = coefficient of viscous drag | - = 


in. 
in.lb sec 
or een 
rad 
vb = ouput velocity (in./sec ) 
T = load torque (in.lb) 
w = output velocity (rad/sec ) 
. in. lb in.Ib 
K = spring constant age. eemen 
in rad 
x = output displacement (in. ) 


8 = output displacement (rad) 








LOAD 


FIG. 4 (Left)—Block 
ACTUATOR 


diagram of basic elec- 
tro-hydraulic _— position 
servomechanism. Power 
is transmitted hydrauli- 
cally but sensing is done 
electrically. 
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FIG. 5 (Right)—Sche- 
matic diagram of ampli- 
fiers used to build up 
electrical signals before 
application to the serv- 
ovalve actuator. Pen- 
todes V2 and V3 con- 
trol energization’ of 
torque motor coils. 


The values of force or torque obtained from these 
equations have only to be substituted in equations 
1 and 2 to take into account the load demands of a 
system where output velocity or displacement is the 
governing factor. 


Duty Cycle. If the duty cycle of the servosystem can 
be arrived at with fair accuracy, it is not difficult to 
pick the worst portion of the duty cycle, apply to it 
the equations developed in the preceding section and 
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thus arrive at a ram area or motor displacement value 
satisfying the chosen load conditions. Frequently, from 
a study of the anticipated duty cycle, one may arrive 
at the maximum velocity requirement of the load mem- 
ber. This performance figure is important since it de- 
termines the maximum flow capacity required of the 
servovalve for satisfactory control of the load. To apply 
this criteria, the maximum velocity requirement of the 
load and the pressure drop needed across the load 
under the conditions of maximum velocity must be 
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known. The maximum flow figure is obtained for the 
translatory system by multiplying the maximum re- 
quired output velocity by the ram area as shown in the 
following equation: 


Dives S-Di (7) 

Where: Qinaz = the maximum flow (in.3/sec) 
A = the ram area (in.?) 
Umar — the maximum output translatory 


velocity (in./sec ) 
In the case of the rotary system, the applicable 
equation is: 


Qmaz = Gaines (8) 


Where: d,, = the displacement per unit revolution 
of rotary motor (in.3/rad ) 
Omar — the maximum rotary output velocity 


(rad/sec ) 


The value of pressure drop which must exist across 
the load for the maximum flow requirement is ob- 
tained by determining what output force or torque 
requirement exists simultaneously with the maximum 
output velocity requirement. Applying the equations 
given in the first part of this section, the pressure drop 
necessary to supply this force or torque may then be 
calculated and the remaining pressure drop or the dif- 
ference between system supply pressure and load pres- 
sure drop is available to force oil through the hydraulic 
servovalve and into the output load actuator. The de- 
signer can then select the servovalve meeting his force 
or torque and output velocity requirements. The nomo- 
gram, Fig. 7 is useful in applying these criteria.. 
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FIG. 7—Nomogram used for 
determining hydraulic load 
conditions for rams of dif- 
ferent areas. Value of a can 
be found directly if Q, D and 
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Servovalve 
Based on 
Force-Balance 


Principle 


AN ALTERNATE DESIGN of servovalve 
is shown in the accompanying sche- 
matic drawing. Hydraulic pressure 
is applied at port A. There is a small 
amount of hydraulic flow past the 
orifice O, into the chamber P. and 
out the nozzle N. Control of oil flow 
through the nezzle is by means of the 
flapper D, actuated by an electomag- 
net. Pressure drop along this path is 
shared between the orifice and the 
nozzle. Under stand-by conditions, 
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chamber pressure is in the order of 
750 psi at which the loading spring 
is adjusted to give zero output flow. 


When a signal is applied to the 
electromagnet, the flapper moves in 
or out, either increasing or decreasing 
the nozzle pressure drop and, hence, 
the chamber pressure. An increase in 
pressure causes the valve spool to 
move to the left against the spring 
until a new force balance is obtained. 


A decrease in chamber pressure has 
the opposite effect. The result is linear 
control of the direction and pressure 
of the flow of oil to the actuating pis- 
ton or strut. 


The first versions of this type of 


There is still another criterion which must be applied 
to the system. The purpose of this is to determine pri- 
marily what size hydraulic power supply is necessary 
to supply the power requirements of the servosystem. 
It must be known whether the output force is primarily 
being used to accelerate a mass or an inertia, drive at 
constant velocity a viscous load, or produce deflection 
of a translatory or rotary spring. In most high-perform- 
ance servosystems, the dynamic load usually consists 
of accelerating a mass or an inertia. The other per- 
formance figures which must be known to apply this 
last criteria are the maximum equivalent frequency at 
which the system is to be driven and the maximum 
translatory or rotary displacement which must be at- 
tained at this frequency. Knowing all of the above 
factors, the following equations for maximum required 
output power may be applied: 


Paz = 0.5Ma2w2 (9) or 
aos 0.5J02 03 (10) 
Where: Paz — the maximum required output power 


(in. lb/sec ) 
M = the equivalent output mass (lb-sec?/in. ) 
a = the output displacement (in. ) 
» = the maximum driving frequency 


(rad/sec ) 
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0 the maximum output displacement 
(rad ) 
J the equivalent output angular moment 


of inertia (in. lb sec?) 


Dynamic Considerations. Two analytical tools which 
receive wide usage by servo engineers are frequency- 
response and transient-response techniques. To apply 
these tools to a hydraulic servosystem, it is necessary 
that the mathematical transfer function for such a 
servosystem be known or approximated. Without going 
into the highly theoretical detail that would be neces- 
sary to present a complete picture of the various fac- 
tors involved, a few simplified approximations can be 
used which will allow the design engineer to determine 
for himself whether or not the dynamic performance of 
a proposed hydraulic servosystem will be adequate, 
marginal or inadequate. 

Except in those cases where the limit of performance 
for systems of this type is being approached, one can 
safely assume that the dynamic performance of the 
servovalve itself as a component in the complete servo- 
system will be so good that its time lag can be con- 
sidered short enough to be neglected. Said in another 
way, this means that the band width of the servovalve 
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is usually so much greater than the band width of the 
complete system that one can assume that no ampli- 
tude or phase changes large enough to be considered 
will be encountered over the anticipated usable range 
of frequencies. Proceeding on the basis of this assump- 
tion, one can see that the transfer function of a hy- 
draulic system employing a high-performance servo- 
valve is essentially that of the output member only. 
For a system of this type considered previously, where 
the majority of the output force or torque is being used 
to accelerate a mass or moment of inertia, the system 
transfer function can be written in the form of: 


Xo Kr 
7? (11) 
t 2 2Cjw 
. {jw j 
w(Es a +1) 
8 Ky 
we he — ——e (12) 





jo(o + oe +1) 
Where: 
Xo = output displacement (in.) 
t = input electrical current 
w = frequency (rad/sec) 


Wn = AJB ,undamped natural frequency (rad/sec) 
VMo (Translatory Output) 


Wn =dm/ B ,undamped natural frequency (rad/sec) 
VJo (Rotary Output) 


m V__ (Rotary Output) 
t =L VBMo , damping ratio 


t= + Bo , damping ratio 





cA 'V (Translatory Output) 
K 
Kr = — , system gain constant 
(Translatory Output) 
K 
Ky = a , system gain constant 
m 


(Rotary Output) 
B = bulk modulus of hydraulic oil (psi) 
V =total entrapped oil volume (in.>) 





L = leakage coefficient (12 ) 


K, = valve gain constant at system pressure 
(in.3 /sec/ma) 


Several interesting implications are inherent in the 
foregoing transfer function and in the assumptions 
made so that the transfer function could be derived. 
Insofar as the engineer who is interested in applying 
the servovalve is concerned, there are two principal 
pieces of information to be derived from the above. 
First, the undamped natural frequency of the quad- 
ratic portion of the system’s transfer function is deter- 
mined almost entirely by the volume of hydraulic oil 
under compression in a system where no low-compli- 
ance elements have been deliberately introduced and 
where the system’s mass or angular moment of inertia 
is fixed by other consideration. Second, the damping 
ratio of the quadratic term, which determines for the 
most part the ultimate stability of the system, is de- 
pendent on the leakage which takes place across the 
load lines following the hydraulic servovalves. If we 
desire a system of high stability, we will deliberately 
introduce rather high leakage across the load actuator. 
This procedure can be carried too far, of course, result- 
ing in decreased band width and unnecessarily high 
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stability. Another more sophisticated, more linear and 
non-dissipative way to obtain such stability is to em- 
ploy velocity-feedback from the output member. The 
details of this solution are, however, beyond the scope 
of this article. 

When the loop is closed around the system described 
above to create a position servosystem, a cubic transfer 
function results. From experience it has been found 
that if the damping ratio of the quadratic, as previous- 
ly explained, is made equal to 0.5 and the system gain 
is adjusted in such a fashion that a 3 db peak results 
in the amplitude frequency response, it will be found 
that the frequency at which the closed-loop system will 
exhibit 90-deg phase lag can be expressed as: 

foo = 0.7f. 
Where: fg9 = the frequency at which 90 deg phase 
lag exists 
f. = the undamped natural frequency of 
the quadratic term. 


The engineer who is not a servo expert can use the 
foregoing relationship to obtain an approximation to 
the frequency response and thus the band width which 
will result with his particular servosystem when the 
foregoing procedures have been followed. 

The electro-hydraulic system described above offers 
many interesting possibilities in the industrial field. In 
recent years, much thought has been given to the 
practicability of applying some of the newer data 
storage devices, such as magnetic tape, to the con- 
trol of complex equipment. These memory devices 
have the advantage of being suited for storing more 
control information than can be placed in a machine 
economically by means of mechanical components, 
such as cams. In addition, the machine equipped 
with a magnetic tape memory is not limited to a 
particular group of functions. Instead, such a ma- 
chine could be converted quickly to perform a new 
set of operations simply by changing the tape. In- 
dustrial equipment that is controlled by cam mecha- 
nisms would require expensive and involved modifica- 
tions if it were to be similarly converted. 

The article, “Tape-Controlled Machines”, which 
appeared in the November 1953 issue of ELECTRICAL 
MANUFACTURING, described the purely electrical ap- 
proach to the design of automatic equipment based 
on magnetic data storage. Using the same type of 
memory system, it is feasible that an equivalent 
control may be designed incorporating the electro- 
hydraulic servosystem described above to substitute 
for the all-electric scheme. OOO 
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Breakdown and 


Leakage Resistance of 


Metallized-Paper 


Capacitors 


An analysis of experimental results that will help the 


engineer to appraise the characteristics of these capacitors 
and apply them to the best design advantages. 


John Burnham, Consulting Engineer 


‘THE SELF-HEALING PROPERTY of metallized-paper capac- 
itors has been widely publicized since their introduc- 
tion commercially into this country from England. 
This one feature has been the most controversial and 
most widely misunderstood. The misunderstanding is 
probably the main cause of the sad experiences that 
some electronic equipment manufacturers have had 
with this type of capacitor. 

One of the objectives of this article is to clear up 
some of this misunderstanding and to present some 
experimental results on the most recently developed 
types of metallized-paper capacitors. It is also hoped 
that this discussion will be of assistance to all the users 
of these capacitors who wish to take advantage of their 
small relative size. The experimental work described in 
this paper shows the effects of sparking and break- 
down on polyester-impregnated types. 

The premise that sparking causes no permanent 
damage in metallized-paper capacitors has to be ana- 
lyzed more carefully in order to properly apply them. 
In particular, it is necessary to take into account the 
chemical nature of the impregnant. 

Metallized-paper capacitors are of interest because 
of their small physical size. (1)* But in order to take 


*Italic numerals in parentheses apply to Cited References at end of article. 
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Editor’s Note 

The author of this 
article is well known 
as a leading authority 


advantage of this we must 
know the basis on which 
“size” is to be considered in 
the particular application. 
The self-healing property 
of these capacitors is an 
attractive characteristic to 


in the field of capacitors. 
He was formerly chief 
engineer of the Sprague 
Electric Company, and 

is now established as 

a research and engineering 
consultant in Los Angeles. 


the designer because he 

immediately visualizes automatic protection against 
surge voltages resulting from circuit malfunctioning 
or line overvoltages. He is thinking in terms of the, 
now obsolete, wet electrolytic capacitors. 

In these capacitors, the initial surge from the trans- 
former usually caused the scintillating voltage to be 
exceeded, but, when the tube filaments heated up, the 
load pulled the voltage down and the capacitor recov- 
ered without damage. The recovery was due to a 
replacement of the Al,0; dielectric following the 
breakdown. Since all the materials in contact with the 
arc were inorganic, no secondary chemical decompo- 
sition took place. 

With the metallized-paper capacitor the situation is 
not so simple. The dielectric is organic and is decom- 
posed by an arc that melts the portion of the electrode 
involved in the momentary short circuit. 

The products of decomposition are trapped in the 
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capacitor winding and although the direct short circuit 
is eliminated there is a visible change in the character- 
istics. The reason this is not normally evident is that 
the capacitor is initially a short circuit when first made 
and it must be “cleared” by burning out the short cir- 
cuits. The effect of additional sparking that follows this 
manufacturing treatment will depend on how effec- 
tively the capacitor was cleared. Ultimately it goes 
back to the quality of the metallized paper. Improperly 
lacquered paper will, for example, lead to inferior 
clearing action and low initial leakage resistance. 

Of primary interest to the designer is that the change 
of capacitor characteristics with the amount of spark- 
ing depends on the quality of the capacitor and on the 
type of impregnant used by the manufacturer. If the 
designer expects to use the self-healing property of the 
capacitor, he must know how the leakage resistance 
and the sparking voltage of the capacitor change with 
the cumulative total number of sparks, and the num- 
ber of times that overvoltage conditions may arise 
within the life expectancy of the equipment. He needs 
to know also what changes in the capacitor character- 
istics will lead to malfunctioning of the circuit. When 
the capacitor sparks it will, for example, produce noise 
in the circuit. It is then obvious that where internal 
capacitor noise causes the equipment to malfunction, 
the self-healing feature cannot be used at all. 

Basis of Voltage Rating 

The voltage rating of the metallized-paper capacitor 
is of interest to the designer because the probability of 
sparking under the working voltage is a function of 
the ratio of this to the rating. To minimize sparking it 
is desirable to make this ratio as low as possible but 
this at the same time results in using the capacitor 
inefficiently from the standpoint of stored electrostatic 
energy. 

Stored energy per unit volume as given by the rela- 
tionship %CV?/volume, where C and V are capacity 
and voltage, respectively, is the most basic figure of 
merit for a capacitor, other things being equal. The 
greater the voltage applied to the capacitor, the more 
efficiently it is being used. The very highest voltage 
which can be used is, of course, limited only by the 
electrical breakdown voltage. For metallized-paper 
capacitors this is defined as the voltage at which con- 
tinuous sparking occurs. 

For single-layer metallized-paper capacitors the 
standard rating has been variously given by manufac- 
turers in the range of 125 to 200 volts. There is an 
“Absolute” rating, of course, based only on the dielec- 
tric strength of the paper-impregnant dielectric and 
this is the only “rating” which has much significance to 
the designer. It is the relation of the working voltage 
and the expected overvoltages to this “breakdown 
rating’ that is of significance. (Normally, the capacitor 
manufacturer gives this datum indirectly by specifying 
the working voltage and the peak test voltage. ) 

If the capacitor is operated at about 25 per cent of 
the initial sparking voltage this will almost insure that 
the capacitor will operate indefinitely without “any” 
sparking at all (one spark in about 10,000 hr). This 
would be a requirement for applications where the 
utmost reliability is required or where noise is a factor. 
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In no instance, of course, should the capacitor be 
operated above the rated working voltage; and when 
the manufacturers’ limits of temperature are exceeded 
a suitable derating factor should be used. (Tempera- 
ture derating is not universally applicable, however, 
since a wax impregnant may be used whose melting 
point is still exceeded. The result is poor capacitance 
retraceability. ) 

In standard paper capacitors, the test voltage has a 
very definite meaning. No breakdown must be ob- 
served at this voltage under a given test procedure. 
For metallized paper we have the additional complica- 
tion that since sparking does not cause instant failure, 
the number of sparks observed per unit time for a 
given test procedure may be quite different and there 
is no limit normally fixed. 

The same difficulty arises when such capacitors are 
subjected to life test. It is obvious that a capacitor 
that sparks at a higher frequency during the life test 


Table i—Initial Sparking of Polyester-impregnated 
Capacitors at Room Temperature 


Initial sparking voltage 
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200 0.75 285 
200 1.50 280 
200 3.00 320 
400 0.25 400 
200 0.25 170 
yie)e) 0.25 230 
200 0.25 290 
200 0.25 230 
200 0.25 245 
200 1.0 _ 
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1.0 
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200 Ae 420 
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200 1.0 490 
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200 1.0 480 
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is worse than one with a lower frequency. This situa- 
tion greatly complicates an already complicated prob- 
lem of evaluating the quality of metallized-paper 
capacitors by conventional accelerated life tests, but it 
must be taken into account in determining relative life 
expectancy and reliability. 

When the designer wishes to make use of the self- 
healing action of metallized capacitors he is confronted 
with still another complication, namely, that he must 
design any mesh circuit containing such a capacitor in 
a way which makes self-healing possible. 

It takes a certain energy to clear a fault in a capac- 
itor of this type. This has to be supplied by the energy 
stored in the capacitor itself (which is the preferred 
method) or by i?R losses in the fault where R is the 
fault resistance. Self-healing by the #R_ losses is 
affected by the resistance in the mesh (external to the 
fault) as this limits the peak current. Another require- 
ment is that the time taken to clear a fault be of the 
order of 5 microsec. The capacitor can be easily mis- 
applied if the mesh constants are not properly chosen. 
The energy required to clear a fault® is about 0.05 
watt-sec, and the time for clearing, which has been 
observed, is about 2 microsec. This also sets a lower 
limit on power requirements. 


Breakdown and Sparking Characteristics 


The effect of the impregnant has already been dis- 


cussed here. In general, the chemical nature of the — 


impregnant is of prime importance in determining the 
effect of sparking on the characteristics of the capaci- 
tor. It is clear that compounds which may produce 
water, acids, carbon and volatile hydrocarbons will 
behave in different ways, and that the physical state 
of the impregnant will alter the course of the thermal 
decomposition. 

The physical conditions at the site of the spark are 
quite complicated and may lead to different products 
of decomposition depending on the maximum temper- 
ature reached by the spacer and impregnant. The 
material adjacent to the spark channel will reach the 
highest temperature, which may be 600 to 900 C, and 
there will be a steep radial temperature gradient from 
the spark channel. The material on the spark channel 
wall will also be subjected to strong ultraviolet radia- 
tion which leads to photochemical action. The dura- 
tion of the spark, if nonrepetitive, is of the order of a 
microsecond and we may therefore assume that the 
main products of decomposition will be complete car- 
bonization of a small cylinder of material and no 
appreciable secondary products. 

If the spark persists then other chemical products 
will accumulate with time and will lead to gross 
changes in dielectric resistivity and eventually to a 
faulty capacitor. Any attempt to predict the diverse 
effects of the sparking from theoretical considerations 
is almost impossible. We therefore have to resort to 
empirical studies. The results of the experimental work 
is now detailed in the following discussion: 

Table I shows the initial sparking of two types of 
commercial metallized-paper capacitors. Table II gives 


*A single fault in the capacitor cannot be isolated, so that measured values 


vary with the area of the capacitor electrodes; 0.05 watt sec is for approximately 
a l-mf capacitor. 
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a comparison between the continuous and the initial 
sparking voltage. 

The ratio varies between 1.10 and 1.35 and in all 
cases except one the lowest ratios correspond to capac- 
itors with a higher-than-average initial sparking volt- 
age, so that this ratio cannot be taken as a direct figure 
of merit for sparking. 

Hermetically sealed capacitors and the wax-dipped 
paper-wrapped types fall into two rather distinct 
groups in so far as initial sparking is concerned. The 
voltage ranges are 300-440 and 170-320 volts respec- 
tively. This difference is probably due in part to the 
complete exclusion of moisture in the hermetic type. 

The sparking tests performed here were made with 
a capacitor connected directly across a low-impedance, 
well-filtered power source and no resistance in series 
with the capacitor. The occurrence of the spark was 
detected with a high-impedance VTVM connected 
directly across the capacitor terminals. A period of 5 
min was adopted for the application of voltage. 

The number of sparks per unit of time has been 
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shown to depend on the voltage by Weeks (2) but 
no uniform relation has been derived. The short-time 
sparking tests made in this work, however, may be con- 
sidered to be significant because the ratio of contin- 
uous to initial sparking is so close to unity. These 
results also confirm that there is a threshold value for 
sparking. This is of some practical importance in pro- 
duction and inspection testing of this type of capacitor, 
as it allows a short-time test of breakdown. 

All the capacitors tested were of the single- 
lacquered paper type. Although the structure and the 
dielectric thickness were the same as for those dis- 
cussed by Weeks (2) it is clear that the relation of 
sparking voltage to rating will be quite different in the 
two cases due to the different voltage ratings given 
the same design of capacitor. 

The breakdown voltage of paper capacitors has been 
shown by Hill (3) to be a function of the dielectric 
sheet area where multiple papers are involved. With 
metallized paper, however, this theory would not be 
expected to hold since the weak points in the dielectric 
are arbitrarily cleared by sparking and there is no 
lining up between conducting areas in different paper 
layers involved. The results in Table I support this 
conclusion in that no correlations appear to exist 
between the capacity and the initial sparking voltage. 
This fact precludes ascribing the capacitor voltage 
rating differences to the difference between the intrin- 
sic paper breakdown and the statistical value deter- 
mined by the area of dielectric involved. 


Effect of Sparking on Leakage Resistance 


Four 1-mf 200-volt capacitors were paralleled and 
sparked on a low impedance supply. A total of 36 
momentary sparks were registered between 300-370 
volts with repeated charging. The voltage was raised 
with a control from zero to the sparking point and as 
soon as a spark was encountered the voltage was 
reduced to zero and the process repeated. In addition 
to the 36 sparks at 25 C, a series of eight additional 
sparks were registered at 40 C on the same set of 
capacitors. 

In Fig. 1 curves A and B show respectively the leak- 
age resistance of these capacitors at 40 C before the 
repeated sparking and after 44 sparks were registered. 
Before curve A was obtained each capacitor had been 
individually sparked five times to determine the initial 
sparking voltage and the continuous sparking voltage. 


Table Ili—The Leakage Resistance of Individual 
Capacitors at 100 Volts 40 C after Sparking as a Group 


Leakage resistance 


fel ster ah els elie laeleD 


LPXyA 
2500 
YER) 
1.75 





A leakage resistance of only 8.7 ohm-farad initially 
shows already that the mild sparking under test had 
very seriously deteriorated some of the capacitors in 
the group, and the additional 44 sparks had a pro- 
gressively bad effect. Each spark on the average de- 
creased the resistivity by 0.13 ohm-farad. The greatest 
effect occurred after the initial test sparks because 
when these capacitors were individually tested they 
showed the leakage resistance given in Table III. It is 
clear from this that capacitors No. 3 and No. 6 were 
the ones in which the majority of sparks had occurred 
and if we assume that no sparking occurred in No. 4 
it is obvious that the average corrected loss in leakage 
resistance per spark is very high. 

To determine quantitatively how additional spark- 
ing could affect capacitor No. 4 a series of tests were 
run on this one unit at 60 C. Fig. 2 shows the effect 
of individual sparks on the leakage resistance with 
capacitor continuously polarized at 300 volts, d-c. 

After a recheck at point A in Fig. 2 the capacitor 
was sparked as shown in Table IV where the measured 
leakage resistances are also noted. The leakage re- 
sistance reached a value of 1.30 ohm-farad after a 
total of 32 sparks at 60 C. 

Capacitor No. 5, which is shown to have a leakage 
resistance between No. 4 and Nos. 3 and 6, was then 
sparked at 60 C and the results are shown in Table V. 
In this test a total of 15 sparks resulted in a reduction 
of a leakage resistance that was already quite low to 
less than one-tenth of its value. 

The same capacitor was then allowed to remain 
on voltage at 300 volts for 2 hr and the leakage re- 
sistance was checked at varying time intervals at 300 
volts. It was found to fluctuate between 0.69 and 2.31 
ohm-farad in a rather erratic manner. At the end 
of this time a spark occurred at 300 volts. Subsequently 
the leakage current fluctuated very markedly even 
at 200 volts. 


Effect of Sparking for 100 C Operation 

The initial leakage resistance on a l-mf capacitor 
was 50,000 ohm-farad at 55 C which is an exceed- 
ingly good result. This capacitor was sparked with 
the results shown in Table VI. After continuous 
sparking at 440 volts, which was self-sustaining in a 
cyclic manner at a frequency of 20 sparks per min, 
the leakage resistance checked 42,900 ohm-farad and 
after further sparking at 440 volts the leakage resist- 
ance increased still further. 


Table IV—Effect of Additional 
Sparking on Capacitor No. 4 at 60 C 
Number 


Sparking Leakage resistance 


voltage of sparks at 300 VDC, ohm-farad 


300 6 273 
410 ] 385 
460 bs 231 
420 ] 2 
460 vf 


Total: 20 
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The Frequency of Recurrent Sparking 


When the voltage is raised above the initial spark- 
ing voltage on metallized-paper capacitors a con- 
tinuous sparking occurs. It has been found that this 
sparking is cyclic, as noted above, and that the fre- 
quency is a function of voltage. Fig. 3 shows the vari- 
ation of sparking frequency with voltage for capacitor 
No. 4. 

The three points obtained have an accurate loga- 
rithmic relation which cannot be fortuitous. Whether 
this can be extrapolated to the very low frequencies 
obtained in life tests at lower voltages cannot be de- 
cided on the basis of the data at hand, but we get 
the right order of magnitude for the initial period of 
lite testing where the number of sparks per unit time 
is very much greater. These results also suggest an 
explanation for the occurrence of an apparent break- 
down threshold. 

The data of Fig. 3 are not, of course, applicable 
to unsparked good capacitors as they were obtained 
on a unit showing a leakage resistance of about 2.0 
ohm-farad at 60 C. Furthermore, in order to get 
reasonable reproducible results the curve was ob- 
tained by starting at the high voltage end and 
gradually reducing the voltage. The points at high 
voltages are not as subject to statistical fluctuations 
as those for low voltages because of the higher fre- 
quency. 


Conclusions 


The use of a solid thermosetting impregnant in 
metallized-paper capacitors has several advantages: 


l. It reduces the size relative to units impregnated 
with hydrocarbon wax by about 15 per cent. 


2. It-gives the capacitor mechanical rigidity at all 
operating temperatures. 


3. It raises the initial sparking voltage for a single- 
paper layer. 


1. It increases the operating temperature to about 
LOO C, 


If proper account is taken in the application of the 
effects of sparking on the leakage resistance of the 
capacitor, and the conditions required for self-healing 
are observed, these units may be safely used even in 
critical applications. This presupposes hermetic seal- 


ing. 


Table V—Effect of Sparking on Capacitor No. 5 at 60 C 


Number 
of sparks 


Sparking Leakage resistance 


voltage at 300 VDC, ohm-farad 


Zero Zero a 

250 K} 73 

300 5 1.65 

380 be) PSIG attire) 
380 2 0.70 
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In applications where the self-healing feature is 
used the hydrocarbon wax type would be the most 
desirable. 
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Table Vi—Effect of Sparking on 
100-C Metallized-Paper Capacitors 


lets 
of sparks 


Sparking Leakage resistance 


voltage at 300 VDC, 55 C, ohm-farad 


Zero 50,000 
rt) | oa 

440 cy . 1,940 
430 | 1,920 
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Total: 47 
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Arcing Performance of 


Plastics Insulation 


Serious arcing problems are increasingly encountered in relays, 


switches and other components in aircraft systems. This report presents 


some harsh performance facts derived from a research program 


that utilizes special and realistic test procedures. 


Thomas J. Martin and Raymond L. Hauter 
Research Engineers, Acoustics-Electrical Unit 
BoEING AIRPLANE COMPANY 


OVER A PERIOD Of about three years, Boeing has been 
conducting a series of severe arcing tests on various 
insulating materials. Specifically, the program was 
initiated to find the cause for recurrent fires that were 
severe enough to burn large holes in the aluminum 
supporting structure of laboratory mockups of an 
electric system. Owing to the increasing concentra- 
tion of electric power applications at high voltages in 
aircraft, a review of the usage of insulating materials 
had become essential. These materials, by their na- 
ture or by their application, may constitute a fire 
hazard under abnormal conditions of circuit or equip- 
ment failure. 

It is important to note that the methods used in 
these tests differ from the standard ASTM test method. 
It is especially important to note that the results of 
these tests do not necessarily agree with results ob- 
tained by the standard ASTM test method. The Boeing 
tests cover the effect of the sustained intense heating 
caused by power arcs which continue for an appre- 
ciable time over the surface of the material in ques- 
tion. This is realistic from a standpoint of aircraft 
applications. 

The fires in the laboratory mockups were caused by 
dual failures. Current limiters (high-accuracy fuses ) 
that had been satisfactory for smaller systems ex- 
ploded in fault tests in circuits containing 60-kva, 
208/120-volt, 400-cps aircraft alternators. The arcs 
produced would strike the supporting phenolic block 
and carbonize the surface. The phenolic material gave 
off gases which burned with the violence of a blow 
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EDITOR’S NOTE 


Tuts ARTicLe is based on the current results of one 
of Boeing's research projects. The specific purpose is 
to evaluate the performance of various plastics in- 
sulating materials under severe arcing conditions so 
as to help manufacturers of such components as 
aircraft relays, switches, connectors, terminal boards 
and fuse blocks to develop improved products for 
increased safety in aircraft operations. 

A caution is appropriate against possible misinter- 
pretation of the information presented by this article. 
The intention is to point to ways of improving the 
already fine safety record of aircraft. The problem 
was discovered in the laboratory mockup of a system 
involving higher voltages and more power than had 
ever been installed in commercial aircraft. Discovery 
in the laboratory permitted changes to be made before 
the system was installed for actual operation. 


torch. The surrounding structure was destroyed and 
the circuit was not interrupted until either the power 
wires fused or the block was completely destroyed. 
To make matters worse, blocks frequently survived 
minor flashovers with no obvious damage, and then 
broke down hours or days or weeks later. 

There were also instances of flashover because screw 
terminal connections worked loose and generated 
enough heat’ to carbonize the block. One of these 
blocks is shown in Fig. 1. 

Obviously, it became necessary to find materials that 
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were better able to withstand the ravages of power arcs. 
This is especially important for such applications as 
limiters, circuit breakers, and contactors. Where break- 
down of the insulating material means possible failure 
to interrupt the circuit, two hazards are created: (1) 
the danger of losing the main power supply; and 
(2) a direct fire hazard. 


Test Procedure. When available, standard 60-amp 
limiter blocks made of the desired material were 
tested. These are similar to and a little smaller than 
the 120-amp block shown in Fig. 1. In the majority 
of tests, however, it was necessary to use disk speci- 
mens with fuse clips as shown in Fig. 2. These had 
the same spacing as the clips on the 60-amp limiter 
blocks. In general, three pairs of fuse clips were used; 
in some instances the shape of the available sample 
was such that only two could be used. 

Copper links were installed in the fuse clips, so 
that their ends very nearly touched. In the early tests 
the connection was completed by small drops of solder. 
The solder melted when a fault current was applied, 
starting an are across the surface of the test ample. 
In later tests it was found that more uniform results 
could be obtained by using a piece of very fine wire 
soldered to the two pieces of bars to fuse and start 
the arc. This modification (see Fig. 3) has proved very 
satisfactory. 

Power for these tests was supplied by 3-phase, 400- 
cps, 208/120-volt aircraft alternators. The phase-to- 
phase voltage (208 volts) was connected to opposite 
ends of the links. Three (in some cases two) fusible 
links were connected in parallel, with the center link 
reversed in polarity, as shown in Fig. 4. (Two links 
are used in some instances.) This puts line voltage 
across adjacent terminals, simulating the actual con- 
nection in service. The fault currents were about 800 
amp for single-alternator tests and about 3200 amp 
for four-alternator tests. 

After the fault current was applied, the voltage 
regulator, in attempting to maintain normal output 
voltage, increased the exciter field current to the max- 
imum obtainable, equivalent to an open-circuit voltage 


FIG. 1—Standard 120-amp limiter blocks after 
flashover has been caused by overheating of 
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approaching 350 volts. This high field current existed, 
of course, only when the fault current was sustained. 
When the arc was interrupted, the regulator returned 
the voltage to normal. In a few tests, which are noted 
accordingly, the sensing circuit of the regulator was 
opened just before the fault current was applied. This, 
likewise, caused the field current to increase so that 
the voltage applied to the fault was 350 volts. 

The materials subjected to this test program will 
now be discussed in ascending order of arc resistance. 
For reference, some of the properties of the materials 
tested are shown in the accompanying table (next 
page.) 


Phenolics. The poor performance of phenolics 
( phenol-formaldehyde plastics) had already been ob- 
served at the start of this investigation. In testing 
phenolics it was visibly demonstrated that one are 
with power from one alternator was sufficient to cause 
complete destruction of the material, accompaned by 
violent flames and much smoke. The are was inter- 
rupted by opening of the control contactors. These 
and other test results were recorded on a sound film.*® 


Modified Phenolic. One manufacurer succeeded in 
producing a phenolic material with improved arc 
resistance. This material had an arc resistance accord- 
ing to the standard ASTM test procedure of 180 sec. 
This is comparable with the melamines. 

Three tests were made—two on 4-in. disks similar 
to specimens shown in Fig. 2, and one on a circuit- 
breaker case with fuse clips and links mounted on 
the outside, using one 60-kva alternator. The weak 
link melted in 0.19 sec, by which time the current 
had reached 825 amp. As the are was drawn out, the 
voltage across the are increased and the current de- 
creased. The arc was cleared manually by opening 
the contactor at 1.79 sec. (See Fig. 5.) 

The conductivity of the modified-phenolic surface 
was such that the are restruck immediately when the 
contactor was re-closed, and continued at all times 
that the power was applied. 


***Areing Tests on Plastics.”’ Film No. 405, Boeing Airplane Company, Seattle, 
Wash. Available on loan bas's to component vendors. 





loose screw terminal. FIG. 2 (Right)—Arcing 
test setup for disk specimens. 
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The observed faults, again, were quite spectacular. 
Violent flaming accompanied the arcs, continuing with 
less violence in the periods between the arcs. Ob- 
viously, even the modified phenolic, when used in 
limiter blocks or circuit-breaker cases, would give 
absolutely no protection to the electrical system. Be- 
cause of these tests, we have concluded that phe- 
nolics must not be used for electrical insulation in 
aircraft where there is any possibility of exposure to 
arcs or where tracking caused by surface leakage is 
a possibility. 


Alkyd Resins (Mineral-Filled). The mineral-filled 
alkyd resin, with an ASTM arc resistance of 180 sec, 
generally withstood one arc at 200 volts. Many of the 
samples then failed when the voltage was raised to 
350 volts. The second are destroyed the samples sur- 
viving the first. A red flame was supplemented occa- 
sionally with a column of blue flame about 1 in. in 
diameter and about 8 in. high. A %-in. hole was was 
burned through one of the test samples. The burning 
alkyd gave off a dense brown smoke. 

Thus it would appear that the mineral-filled alkyd 
is better than the phenolics, but still leaves much to 
be desired. Test samples were disks similar to those 
shown in Fig. 2. One alternator was used. 


Alkyd Resins (Glass-Filled). The glass-filled alkyd 
samples all failed completely on the first arc. Fig. 6 
shows the complete destruction. The glass-filled alkyd 
is somewhat inferior to the mineral-filled material in 
its resistance to power arcs. 


Epoxy Resin. Tests were run with one alternator 
on a material made of laminated glass cloth bonded 
with an epoxy resin. The test sample is shown in 
Fig. 7. This material passed the first test. The resin 
was burned away leaving the glass fibers exposed, but 
the arc was interrupted and the insulation remained 
apparently good. The second arc, however, completely 
destroyed the material as shown in Fig. 8. Once 
started, the arc would not stop until the power was 
turned off and, when power was reestablished, the arc 
immediately restruck. 


L ua weir 
block clip 


breaker case 





FIG. 4—Connections for arcing tests on disk 
specimens and on sample circuit-breaker cases. 


Melamines (Wood-Flour Filled). Three samples of 
wood-flour-filled melamine, made of halves of circuit- 
breaker cases, each survived two arcs and failed on 
the third. However, the voltage was removed as soon 
as the arc had cleared on these early tests. A fourth 
test, on a sample limiter block, failed on the first arc. 


Melamines (Mineral-Filled). These tests were run 
with fuse clips mounted on the inside of a relay case 
molded of mineral-filled melamine formaldehyde. 
After the fourth test, 460-volt, 400-cycle a-c was ap- 





FIG. 3—Test setup modification that eliminates 
fuse clips. 
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FIG. 5—Modified-phenolic specimen after arc- 
ing test. 
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FIG. 6—Glass-Siled alkyd specimen after one are. 


plied. Small pinpoint arcs appeared in the first few 
seconds. The voltage was applied for 9 hr with no 
further signs of leakage. This was repeated for 2'2 hr 
after the sixth test. Intermittent pinpoint arcs ap- 
peared but there was no breakdown. 

Limiter blocks molded of this material by another 
manufacturer survived six arcs before carbonization 
occurred. The sixth arc caused intermittent arcing for 
about 1 min. Arcing stopped when one power lead 
burned clear. 

A limiter block molded of mineral-filled melamine 
by another vendor did not fare as well. Two faults 
were cleared satisfactorily and the third one caused 


FIG. 7—Epoxy-resin-bonded glass-cloth lam- 
inate test sample prior to test. 
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failure. A second sample of this block was tested with 
the same results. 

Although mineral-filled melamine will carbonize 
after repeated power arcs, it is considered satisfac- 
tory for application as electrical insulation except in 
limited applications such as arcing chambers, where 
the material is repeatedly exposed to arcs. 

For applications where carbonization of the mate- 
rials can result only from failure of equipment, this 
material should give adequate performance. 


Teflon. Polytetrafluoroethylene (Teflon) survived 
seven arcs with no sign of carbon tracking. Its ASTM 
are resistance is over 200 sec. Starting with the first 
arc there were signs of decomposition near the ter- 
minals, forming a nonconductive black substance that 
looked like pitch. However, maximum alternator volt- 
age (350 volts) was applied after each arc and there 
were no signs of carbon tracking. The area in actual 
contact with the arc was unchanged after the tests. 
Because of the nature of a Teflon surface, the molten 
copper did not wet the surface, but rolled off in small 
balls. 

Within the limits of its molding problems and its 
mechanical characteristics, Teflon would appear to 
have distinct advantages as insulating material under 
arcing conditions. Nevertheless, consideration must be 
given to the effects of toxic and corrosive gases emitted 
during the decomposition. 


Glass-Bonded Mica. Glass-bonded mica, being in- 
organic, will not form a carbon track. In fact it gives 
some rather surprising results. It was very difficult to 
get an arc started in tests with one alternator—the 
wires would fuse without starting an arc. The reason 
for this is not known; it was as though the material 
emitted some kind of an are-quenching gas. 

We finally wired the center bar only, thereby con- 
centrating the output of the alternator. Even so, it 
was necessary to raise the voltage to the alternator 
ceiling of about 330 to 350 volts in order to get an 
are started. Once started, the copper apparently sup- 
plied enough ions to cause the other two bars to fire, 
so that all three would fuse. 

Glass-bonded mica was subjected to eight tests at 








FIG. 8 


Same specimen after the second arc. 
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ceiling voltage. After each test, a little of the material 
had disappeared. Fig. 9 shows the appearance of the 
material after the sixth test. Here we see the rough 
surface, apparently consisting mostly of glass. We see 
balls of copper which, when molten, ran around on the 
surface like mercury on a table top. We see that the 
glass has tended to form around the balls of copper, 
isolating them. After eight tests, the resistance of this 
material had apparently not been substantially re- 
duced. 

The glass-bonded mica, having survived the single- 
alternator tests, with fault currents of 800 amp, was 
then subjected to arcs with four 60-kva alternators, 
in which the fault currents were about 3200 amp. 
Fig. 9 also shows the sample after four such arcs. 


Conclusion 


The problem discussed here is very serious, and 
is one that will become more critical as airplane elec- 
tric systems increase in power capacity. All phenolic 
materials must be designed out of hazardous appli- 
cations on aircraft, but that will take a great deal of 
development. It is not just a matter of making direct 
substitution of some wonder material for the phenolic. 
Each material has its own peculiar characteristics such 
as toxicity, dimensional stability, and brittleness which 
must be taken into consideration in the overall design. 

It is not the purpose of this article to consider any 
characteristic except resistance to power arcs. To do 
so in the proper manner would make the discussion 
too lengthy and divert attention from this immediate 
problem. To do so on a partial basis would be grossly 
unfair. The proper solution will not be the same for 
every application. 

In this report we are considering characteristics of 
basic types of materials. Nothing in this report should 
be construed as a criticism of any vendor's product. 
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FIG. 9—Glass-bonded mica test disk after be- 
ing subjected to four ares. 
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Toaster Redesigned for 
Automatic Molding 


FuLLY automatic molding techniques have made possible 
the redesign of a General Electric toaster that is said to 
result in an 80-per cent saving in labor cost for molding 
the plastics components. 

Fig. 1 illustrates the original plastics part, molded on a 
semi-automatic machine. The large base pieces were made 








FIG. | 


General Electric’s earlier toaster base con- 
sists of large frame requiring semi-automatic mold- 
ing and separate end pieces. 





FIG. 2—New toaster design consists of two end 
pieces only, attached to central chassis member. 


in a two-cavity mold on a 200-ton press. Using a preformer 
and preheater, molding operations required the full-titne 
attention of one operator per press. Although the product 
obtained was fully satisfactory and costs were regarded 
as reasonable, General Electric Housewares Department 
plant at Allentown, Pa., searched for ways to reduce costs 
still further, but the size and configuration of these parts 
were not adaptable to automatic molding. 

Redesign is shown in Fig. 2. Only two plastics end plates 
of new design are required. These pieces are attached to 
a central chassis member now made by fully automatic 
molding on two Stokes 50-ton straight ram compression- 
molding presses. The two presses require only one-fifth of 
one man’s time to operate, since he need only keep the 
hopper filled with molding powder and remove the fin- 
ished parts periodically. Production rate is the same as for 
the earlier, semi-automatic molding operation. Hence, labor 
cost per piece is only about 20 per cent of the previous 
cost. In addition, far less material is consumed, and the 
finished toaster is better looking. Ooo 
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Elements of Automatic Production Systems 


CYBERNETICS, automation, robotization are 
magic words used these days to describe 
the idea of the automatic factory—the in- 
tegration of a series of automatic machines 
and process equipment into one continuous 
production unit that is centrally monitored 
and controlled. Automatic production com- 
prises two distinct systems: (1) manufac- 
ture of discrete units and, (2) processing 
of a product in bulk form, such as granu- 
lar materials, liquids and gases. In the 
latter case automatic production envisions 
a flow of raw material in process in a 
closed system under either pressure or 
vacuum, out of sight of the plant operators. 
Where discrete units such as castings or 
forgings are being shaped and machined, 
individual automatic-cycle production ma- 
chines are tied together by means of equip- 
ment that transfers the work pieces from 
one unit to the other and initiates a new 
cycle in the unit ahead. The work-handling 
unit may be in the form of automation 
equipment, in the strict sense of the term, 
or of automatic conveyor systems. In any 
of these continuous production systems, 
centralized control is the key to its auto- 
maticity. 

The interest of readers of ELEecTRICAL 
MANUFACTURING in the design of contro! 
systems that carry individual production 
machines through their paces has long been 
recognized through a consistent editorial 
program. It is logical that they should be 
concerned with the design of centralized 
control systems that correlate the functions 
of remotely located equipment. 

In the 16-page insert beginning on the 
facing page, a brand new aspect of cen- 
tralized process control is presented—the 
graphic panel. While completely automatic 
operation might be the ultimate goal, hu- 
man supervision will always be a vital fac- 
tor. The problem then becomes one of 
giving the supervisor an “airplane” view of 
the entire operation in miniature through 
a flow diagram, instrumentation and signal 
lights; then with the aid of manual switches 
permitting him to take command of re- 
motely placed operations when an off-nor- 
mal condition is indicated. 

This profusely illustrated article is pre- 
sented at this time for a number of rea- 
sons: First, because the editors are con- 
vinced that the design of such centralized 
control systems are typical of control prob- 
lems to be faced by many readers of 
ELEcTRICAL MANUFACTURING in coming 
years. Design of this character, with but 
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few exceptions, is on the “original equip- 
ment” level. 

Second, while the examples cited in the 
article relate to design of panels for ulti- 
mate application to oil refineries, chemical 
plants and central power stations, similar 
systems can be applied to other automatic 
production systems. In the metalworking 
field, for example, a variation of a graphic 
means of trouble-shooting a complicated 
control cycle for artillery shell making ma- 
chinery will be presented in an early issue. 

Third, it is our purpose to demonstrate 
how the idea of the automatic factory is 
creating new needs in the form of special- 
ized components and instruments, as well 
as new applications for standard controls 
and wiring systems. 

Fourth, we are indicating how null-bal- 
ancing instruments provide closed-loop 
servo control in prepackaged form. 


This broadened approach to centralized 
control should not come as a surprise to 
ELECTRICAL MANUFACTURING readers who 
have been following the publication closely 
during the past year. In May 1953, the 
monitoring function of centralized control 
was delineated, as referenced below. (1) 
Unless some means is designed-in to pro- 
vide the supervisor with information as to 
what is going on at any moment and par- 
ticularly what operations are “off-normal,” 
the whole system is out of control. 


In July 1953, the electrical control sys- 
tems that make Ford’s automation system 
click were described. (2) In August, the 
part that automatic conveyors play in auto- 
matic production was illustrated. (3) Again 
it was shown that the success of the opera- 
tion of the whole system hinged on the 
ability to detect trouble points in a matter 
of seconds. Remote dispatching by auto- 
matic switching was described in another 
article as a second phase of control of 
automatic conveyor systems. (4) 


The groundwork for a discussion of a 
completely integrated centralized process 
control system was laid in an article in 
February 1954. (5) Here a monitoring sys- 
tem for a series of dangerous process op- 
erations was described that actually recog- 
nizes an emergency condition and reacts 
to it. The design of such robot controllers 
is obviously a vital element in centralized 
process controls applied to equipment 
scattered over acres of plant. 


The current article carries the idea of 
centralized control a broad step or two 





further and concentrates on the design of 
the panels themselves and the selection of 
components mounted on front and back. 


Who designs and builds the present 
graphic panels? Who will design the fu- 
ture ones? The majority of the panels de- 
scribed herein were designed by instrument 
manufacturers who had set up panel de- 
partments to make them. One was made 
by a maker of annunciator components, 
another by an affiliate of such a manufac- 
turer. In the example of the automatic 
shell making line, the machinery builder 
designed the supervisory control panels. 
As long as these panels are fabricated 
as complete assemblies in plants, their de- 
sign is the concern of Erecrricat, MaNnu- 
FACTURING readers. It is through the de- 
velopment of centralized control panels 
and individual automatic-cycle machines 
that our readers will further the develop- 
ment of automatic production systems. 


Cited references are listed below: 


1. Monitoring System Provides Centralized 
Control, May 1953, page 98. Abnormal 
conditions of automatic equipment at 
hundreds of points in a power plant or 
automatic factory are observed, annunci- 
ated and recorded at a central control 


desk. 


2. What Makes “Automation” Click?, 
July 1953, page 128. The electrical con- 
trol systems devised by Ford engineers 
to anticipate any contingency that might 
arise in handling workpieces between 
automatic-cycle machine tools. 


3. Matching Loads and Speeds on Con- 
veyor Drives, August 1953, page 90. 
Servo systems employing magnetic am- 
plifiers are used to keep separate mono- 
rail or floor conveyors synchronized; 
provision is made to start all motors 
simultaneously and to detect open push- 
buttons or limit switches. 


4. Control of Automatic Conveying Sys- 
tems, December 1953, page 86. Individu- 
al carriers are dispatched, routed to a 
selected destination and dropped off- 
without interfering even momentarily 
with the movement of other carriers. 


5. Designing Emergency Control into 
Monitor Circuits, February 1954, page 
86. Design of a monitoring system 
which recognizes an emergency off-nor- 
mal condition and the degree of danger 
involved. 





ELECTRICAL MANUFACTURING 








nce 


So ee ere eee er ie 


NO.6 


Elements of Automatic 
Production Systems 
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Panels 


The problem: Make readily 
comprehensible to the human 
supervisors the vastly complex 
centralized control systems 
needed for continuous stream 
production. The answer: 
Incorporation of miniaturized 
recording-control instruments 
and annunciator elements, 
together with manual controls, 
within simulated equipment 
symbols on a board-mounted 
process flow diagram— 


the graphic control panel. 


Frank J. Oliver, Editor 
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Graphic Control Panels 





1 Fig. 1—Typical of the modern graphic control panel is this one designed and built by the Industrial Division of 


Minneapolis-Honeywell, incorporating miniaturized strip-chart recording and indicating instruments placed within 
apparatus symbols on a steel panel and connected by extruded aluminum flow lines. 


MEANS FOR CONTINUOUSLY MEASURING and recording the vital 
control parameters, like pressure, temperature, liquid level, 
and rate of flow, are the basic elements of centralized process 
control. In addition there are means of automatically cor- 
recting deviations from the prescribed norms through re- 
motely operated valves. This is done through servo-type 
systems inherent in modern recording-control instruments. 
Even more important, provision is made to let a human oper- 
ator take over when observed conditions get out of control. 
The basic problem is how to warn him. 

Annunciator and alarm systems are not new. What is new 


is placement of the signal lights as well as the measuring . 


instruments within easily recognizable scaled outlines of the 
major equipments arranged on a vertical panel in the form 
of a process flow chart. The result is the modern graphic 
control panel. Because of the large area of the plant opera- 
tions and their complexity, this means of making it easier 
for the supervisor to assess what is going on at any moment 
was first applied in the design of central control panels for 
oil refineries and chemical process plants. But the graphic 
panel is equally applicable to centralized control of any auto- 
matic production system. 

Continuous stream processing was first adopted in oil re- 
fining and heavy chemical manufacture and it was logical 
that continuous process control through instrumentation 
should first be applied here. It is not uncommon for the 
various steps in a single process to be spread over several 
acres. Equipment is mammoth; piping a veritable maze. 

When continuous processing first was adopted in oil refin- 
eries in the early 1920’s, locally mounted indicating and re- 
cording controllers were employed to regulate the variables. 
Use of such instruments, however, failed to achieve the auto- 
matic co-ordination required for efficient operation, simply 
for lack of communication between human observers. Early 
attempts to effect closer supervision took the form of panel 
boards located alongside the equipment. 

Next step was the grouping of these individual panel 
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boards into a single control board set up in a central control 
room. These control panels were built around conventional 
recording control instruments, in size about 13 x 20 in., at a 
time when space was not a critical factor in board design. 
Primarily these panels provided a continuous record of oper- 
ating conditions, allowed some degree of automatic control 
and a limited amount of manual control at the board. Super- 
visory control was largely via intercom systems to operating 
personnel in the operations area. 

As processes become increasingly complex and equipment 
scattered over wider areas the number of recording instru- 
ments needed soon reached the point where control panels 
became huge—150 to 200 ft. in length in extreme cases. No 
longer could one man observe them except by walking a 
“beat.” Furthermore, the orderly array of round and square- 
faced instruments gave no quick clue as to what they were 
measuring and controlling. Operator training time increased. 

Telemetering and feedback systems were crude and a rela- 
tively long time was required for a sensing element to detect 
a process deviation, transmit the signal to the controller on 
the board, and for corrective action to be transmitted back 
to the final control point. 

The solution to the problem of faster response is outside 
the scope of this article. The solutions to the human engi- 
neering problems posed by the 200-ft. control panel are 
basically two developments: the graphic control panel and 
miniaturized indicating and recording instruments. The 
development of the latter made the modern graphic panel 
feasible. 

One of the earliest attempts at a graphic arrangement was 
designed in 1937 to control a catalytic cracking unit in an 
oil refinery. It consisted primarily of indicators, alarm lights 
and pushbuttons mounted on a simplified flow diagram of the 
system; the measuring and controlling instruments, however, 
were mounted on the process units. The present graphic 
panel, in which indicating and recording instruments are in 
corporated in “plant” (equipment) symbols, did not come 
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into being until after the war. In an effort to crystalize 
graphic panel concepts into concrete form one instrument 
manufacturer canvassed the user field, then engaged an in- 
dustrial design firm to make a layout in color which was 
taken around to obtain customer acceptance. Out of this sur- 
vey and similar work done by other manufacturers came two 
major types of panels—the semi-graphic and the full graphic, 


typified by Fig. 1. Present panel arrangements are divided 
into three basic types: 


A—Semi-graphic with recorders and controllers mounted 
below and alongside the flow diagram, and with miniature 
indicators, pneumatic receivers, alarm lights and correla- 
tion symbols located in the graphic diagram. Also called 
a correlated graphic panel because the recorders are iden- 
tified by the symbol designations on the diagram. The 
flow diagram may be on a wing panel or vice versa. 


B—Full graphic with miniature recorders mounted in the 
graphic diagram. (Fig. 1) 
C—Full graphic with miniature indicators mounted in the 


graphic diagram, and recorders located on wing panels 
or on adjacent conventional panels. 


A fourth category would be a graphic panel using equip- 
ment symbols and manual controls, but no instruments. The 
all-electric panel illustrated in Fig. 2 is such an example. 

For process control, the modern graphic panel becomes 
the nerves and brains of complex industrial operations. By 
symbols and instruments it presents a continuous protrait of 
plant conditions. To this control room panel come the meas- 


urements which appear as printed records, or dial indica- 
tions, of steam or product flow, of the level in a vessel, of 
pressures, temperatures and the many other variables which 
can effect the finished product. And from the panel go the 
control signals which operate devices such as valves, correct- 
ing conditions which any of the control instruments deter- 
mine are in error. 

As the center of control, the graphic panel contains what- 
ever devices will simplify operational duties. Among these 
are electrical aids, such as annunciator systems, which make 
it evident to the control room attendant that the process is 
functioning continuously and in its proper sequence, also to 
sound an alarm if anything goes off-normal. 

The graphic panels and associated components are some- 
times called “information systems.” This designation is borne 
out by the functions of gathering information concerning 
process operation, filtering out the unimportant and calling 
attention to important process changes so as to enable the 
operator to act as instinctively or intuitively as possible. 

The graphic panel also is an application of human engi- 
neering (J, 2, 3)* in that the design objective is to present 
this information to the process operator in the most easily 
grasped form. Toward this end graphic panels use flow sym- 
bols, color-coding, visible signals, audible signals and other 
devices to permit rapid, error-free interpretation by the 
supervisor. 

The same idea has been carried over into the design of 
individual instruments. The Bristol Company, for example. 


* Italic numerals in parentheses apply to cited references at end of text 
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Fig. 2—An all-electric graphic control panel. The six 
“towers” portrayed in outline on the steel panel are for 
cyclic regeneration of dehydration towers for taking the 
moisture out of raw natural gas. For automatic operation 
robot-controlled motor-driven valving is required to alter- 
nately switch wet gas, cold gas and hot gas at both inlet 
and outlets of the towers. Pushbutton control and a man- 
ual-automatic selector switch are incorporated on the 
panel for individual control of each of the 37 motor-oper- 


ated valves. Above each set of pushbuttons are bullseye 
signal lights that indicate valve operation. There are also a 
number of annunciators on the complete panel to super- 
vise the operation of the system and provide visible and 
audible alarms should any abnormal condition occur. 
Tower symbols and color-coded (red, yellow, blue) pipe 
lines are painted on the panel. All components are mount- 
ed in explosion-proof housings. Panel built by Russell & 
Stoll Co., Inc. to Ford, Bacon & Davis Co. design. 
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Fig. 3—Combination graphic and conventional control panel designed by the Foxboro Company for centralized 
control of an oil refinery and constructed of Formica sheets. Symbols and flow lines are cut from treated paper, 
in appropriate colors, and are placed on a sheet of Formica which is then covered with a sheet of transparent 
plastic. Bonded under pressure, the overlay provides a permanent, protected, smooth surface which, although it 
cannot be altered as changes in plant or process might make desirable, does present a striking graphic contro] portrait. 


points out that the scales used in its Series 650 miniaturized 
recorder receivers (See Fig. 8-B) have been carefully de- 
signed from that point of view. Several models were first 
built and tested by many persons. The design finally selected 
was the most readable at the maximum distance with mini- 
mum effort and error. High-visibility, colored fluorescent 
paints are used on the pointers so that operators can tell 
them apart easily. Chart graduation, line weight, ink colors, 
and numeral size and form have all been selected to give 
easy, error-free chart-reading. 

Recording receivers for automatic control are designed by 
Bristol so that pointer positions are matched rather than 
scale values read. By making the set-point index a fluores- 
cent red and the controlled variable index black, for ex- 
ample, the operator can tell at a glance whether all vari- 
ables are “on the beam.” When they are not, red will show 
and can be seen 20 ft. away. 

Laying out a graphic control panel calls for the integration 
of components, symbols, instruments, signalling devices and 
controls on the front side, with wiring devices and auxiliary 
air and electrical components on the back side. These latter 
include air and electric relays, solenoid valves, resistors. 
timers, switches, lights, horns and terminal blocks. In addi- 
tion to wiring to manual switches and signal lights, the cor- 
responding wiring diagram must provide for power to elec- 
trical and electronic instruments, to electrical chart drives 
on pneumatic instruments and to indicating and recording 
instruments which use internal illumination. Thermo-couple 
leads must also be accommodated; resistance thermometer 
leads to multi-point recorders must be designated; and spe- 
cial alarm circuits must be worked in. 
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Because of hazardous locations in petroleum refineries and 
many chemical process plants, the majority of process con- 
trol instruments of the servo type being used today are 
pneumatic rather than electrical. Aside from the safety 
aspects, simple mechanical components of the piston, dia- 
phragm and bellows type. with complex but relatively inex- 
pensive linkages, can provide proportional control and wide- 
range reset action at less cost than electrical servos of com- 
parable accuracy. Lags between error signals (represented 
by variations in air pressure) and corrective action are be- 
ing minimized by shortening transmission distances for pneu- 
matic transmitters. One way of doing this is to mount the 
pneumatic controller on the apparatus being controlled and 
the measuring instrument on the control panel. 

For higher ranges of temperature measurement poten- 
tiometer type controllers taking voltage signals from ther- 
mocouples or bolometers are still a necessity. In other 
instances temperature measurements are made by expand- 
able liquids or gases, and by transducers an electrical signal 
is telemetered to the central control point. The reverse 
system is also used, electrical measurements transmitted 
pneumatically. 

As far as rear panel design is concerned, the net result 
is a dual problem in layout of wiring and small bore tubing 
systems and the necessity for providing space for both 
electrical and pneumatic relays and other accessory control 
equipment. Space limitation hecomes a serious factor when 
explosionproof housings are required. 


Basic Panet Destens. Sheet steel has been found especially 
suited to panel construction in gages from No. 10 to 1% in., 
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with the heavier gages predominating. Choice of panel gage 
is related to panel loading and the number of cutouts. Some 
panels have been constructed of plastics-faced plywood (such 
as Formica). Although some striking effects (see Fig. 3) 
can be obtained, this material has the disadvantage of higher 
cost and longer time for fabrication if full advantage is 
taken of its design possibilities. 

There are six basic panel types (specific figures are based 
on Minneapolis-Honeywell practice), as follows: 


l. Full-length flat panel. 

Recommended height from floor, 72 in.. maximum 

width, 96 in.; minimum width, 18 in., maximum width, 

96 in. 

Panel thickness, as for all types, is variable, depending 

upon number and size of cutouts, etc. 

Recommended standards are: for panel lengths 18-36 

in., No. 10 gage; for panel lengths 42-60 in., No. 10 

gage with stiffeners: for panel lengths 66-96 in., “46 in. 

Minimum recommended back-of-board clearance, 24 in. 

Rear supports may be of two types: (a) wall supports 

114 in. pipe or 2 x 246 in. angles extending hori- 
zontally to wall, (b) floor supports extending from 
panel diagonally to floor. 

2. Part-length flat panel. (Limited use for graphic panels.) 
\—Wall-mounted type—maximum height, 30 in.; 
inaximum width 36 in. For longer panels, two or more 
sections are joined. 

B-—Support-mounted type—maximum height 66 in. 

(over-all height 96 in. including supports) ; maximum 

width, 54 in. Sections are joined for longer panels. 

Thickness and supports same as for full-length type. 
3. Cubicle. 

Recommended height, 72 in.; max. ht.. 96 in.; mini- 
mum width, 24 in.; max. width (single section), 10 
ft: minimum depth, 15 in. or more as dictated by type 
of instrument mounting and clearance considerations. 
Recommended thickness, for panel lengths 24-60 in., 
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No. 10 gage, for lengths 60-120 in., “46 or 44 in. Doors 
full-length hinged, or lift-off backs and part-length 

doors. 

4. Console or shelf panel. 
Maximum height, 40 in. If vertical rear section is speci- 
fied for ,mounting conventional instruments or any 
welsixid “uaeonnaiat requiring vertical mounting, add 
up to a maximum of 24 in. For miniature instruments 
this figure can be reduced considerably. Maximum 
width, 96 in. Maximum depth at base, 30 in. 
Angle of sloping surface of console—no fixed standard. 
Maximum depth of rear section, if used—7 in. 
Recommended panel thickness—No. 10 gage to 72 in. 
in length, 3/6 in. to 96 in. in length. 

5. Mobile panel. 
Maximum ht, 72 in. Maximum width, 48 in. 
Construction—single unit flat panel or cubicle; sup- 
plied with casters. 
Thickness, No. 10 gage. 


Another panel manufacturer limits the maximum size of 
any single sheet to 92 in. wide by 104 in. high, with 2 in. 
turnbacks so that the different sections of a multi-sheet 
panel will form a rigid structure when bolted together. 
Material is selected for levelness and smoothness. For addi- 
tional rigidity, the panel sections are reinforced with angle 
iron braces tack welded in place. To facilitate the mounting 
of instruments and other components back of the panel, a 
framework of “Unistrut” is assembled to the panel, extend- 
ing 24 in. to the rear. Extra bracing strength is provided 
by individual leg supports run from the floor to the lowest 
horizontal member of the framework. In still another design 
system, 4 in. reinforcing ribs are welded to the 14-in. panel 
plates in a grid pattern about 30 in. square. 

Rules governing the location of equipment on panels 
designed by Minneapolis-Honeywell have tended to set a 
pattern, as follows: 


Fig. 4—Symbols used on this 
Bailey Meter Company graphic 
control panel for a powerplant 
includes boiler, economizer, 
and stacks at left; turbine, 
condenser and generator at 
right. Instruments are all of 
the indicating type. Pneumatic 
instruments measure  pres- 
sures; electrical instruments, 
volts, amperes and kilowatts. 
Manual switches control auxil- 
iaries like fan and pump mo- 
tors. Four annunciator panels 
are at top of panel. 
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» Fig. 5—Some commonly used 


graphic symbols for plant equipment , 
used on process control panels. 





IANK AND TOWER SYMBOLS 


Table I—Basic Color Schemes Used on Graphic Control Panels 








Gray Tan 

Application Color scheme Color scheme 
(1) Graphic background light gray light tan 
(2) Plant symbols and instruments in graphic background medium gray medium tan 
(3) Wing panels and instruments on wing panels Blue-gray beige 


<LI 


Source: Industrial Div., Minneapolis-Honeywell Reg. Co. 
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Fig. 6—Oval extruded aluminum flow lines are proportioned to pipe size on this Taylor 


Instrument graphic panel. D’Arsonval type meters within pump symbols indicate pump loads. 
Drum switches for main motorized valves are mounted in backlighted valve symbols. 


l. Full-length flat panel 


A—Front-of-board components. 

(1) Minimum distance between units or to edge of 
panel, 3 in. 

(2) Maximum height from floor to center line of chart 
or scale for recording or controlling instruments. 
60 in. 

(3) Locate signal lights and indicating gages near 
top of panel. 

(4) Locate devices with set knobs, i.e. timers, push- 
buttons, etc., within reach. Minimum recom- 
mended distance to floor, 30 in. 

(5) Locate instruments with sequential functions in 
their proper order according to function. 

(6) Locate surface-mounted equipment so that it will 
least interfere with observation or operation of 
adjacent equipment. 

B—Back of-board equipment. 

(1) Terminal blocks, pull boxes and bulkheads for 
air connections must have 6 in. minimum dis- 
tance from floor, but 12 to 16 in. is preferred. 

(2) All relays, filters and mounting straps should be 
included in location planning. 


GRAPHICAL SyMBOLS. Graphic representation of equipment 
where measurements are taken and control effected is done 
pictorially on the panel in silhouette form bearing some re- 
semblance to actual scale outlines. For a power plant con- 
sole control for example, pictured in Fig. 4, the symbols 
for the boiler, heat exchangers (economizers) turbines, 
condenser and generator can be readily recognized. Refinery 
and chemical plant symbols are used in Figs. 1 and 3. 
Identification of valves and piping for process work follows 
in general the tentative Recommended Practice “Instru- 
mentation Flow Plan Symbols,” sponsored by the Instru- 
ment Society of America (ISA RP5.1, 1949). These symbols 


APRIL 1954 


do not include equipment that might have no instrumenta- 
tion, such as a motor-driven pump. On the graphic panel. 
the spiral outline of a centrifugal pump often mounts a 
bulleye signal light in the center with start and stop push 
buttons beside the symbols. For details on these and other 
standard and non-standard symbols see Fig. 5. 

Equipment symbols may be cut on a band saw from 144-4 
in. aluminum sheet or from 44-in. colored plastics material. 
Cylindrical equipment like cracking towers have been rep- 
resented by aluminum half-rounds to produce a 3-D effect. 
The aluminum symbols are given either a lacquer color 
finish or anodized and dyed black or other color. 

A third method of reproducing equipment symbols is to 
paint them on the panels (Fig. 2). For symbols that are 
frequently repeated, application by silk screen rather than 
by stencil gives better results. The silk screen process helps 
maintain uniform color coding. If process changes are made 
after the panel is installed, it is comparatively easy to re- 
paint the parts of the diagram affected. 

Nameplates are similarly treated. Common forms are en- 
graved black anodized aluminum or engraved plastics lami- 
nate (Lamacoid is a popular choice) with a white core. 
Edges are beveled. Clear acrylic resin sheets are painted 
on the back, then engraved. These may be back lighted to 
indicate actuation of the device. 

Raised flow lines are made from aluminum strip, either 
rectangular, half round or oval in section, also from rolled 
steel channel sections. Height from face of board is generally 
1% in. Variations in width can be used to show relative scale 
of piping. One panel builder, for example, uses e-in. 
wide strip for average flow lines, ‘2 in. for control air lines 
and 1%-in. width for main flow lines. Illustrated in Fig. 6 
is a panel with oval extruded aluminum sections scaled to 
size of plant piping. 

One type of extruded aluminum flow line has rounded top 
radii and internal dovetail base for attachment by bolts with 
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Graphic Control Panels 


Plastics half orrow 
Snap-on sheet 
metal arrow 
‘ Fig. 7—Section of a Fischer 


& Porter graphic panel show- 
ing use of half arrows to in- 
dicate direction of flow. An 
alternate method of snap-on 
arrow is also sketched. 








Table !i—Mounting Factors for Some Miniature Recording and Indicating Instruments 


















































Max. 
Desig- Type Interchangeable Chart No. Face Dial Case Chart Elect. 
Manufacturer nation System Recording Indicating Width, in. pens dimen., in gage diam., in. depth, in. motor Connection 
Bristol Series 650 Pneumatic \ \ 3 5x 5% 4 WWM 120 volts’ 5 ft cord 
60-50-25 cycle 
Fischer & Porter Ratographic Pneumatic \ 3 6x6 15 110 volts Ya in, conduit 
19\4 60 cycles 
Foxboro Consotrol Pneumatic \ 2 6x6 13% 
Manning, Maxwell & Moore American Electronic V 1 4% x 5M 17% 
Minneapolis-Honeywell Tel-O-Set Pneumatic \ 2 Siig x 5 445 115 volts Terminal block 
17 53* 60 cycles 
Swartwout Autronic Electronic \ 1 4% x 4'K, 15% 115 volts Terminal blocks 
1% x 4%, (Max.) 60 cycles 
Taylor Instrument Transet Pneumatic \ \ 2 5% x 4% 3% 15K 115 volts Plug-in 
"With air 60 cycles 





conical heads, which remain concealed. Some panel builders 
attach flow lines and symbols by an adhesive—a chlorinated 
rubber cement is typical. Others use countersunk screws. 
Painting of aluminum flow lines is preferred to anodizing 
for color coding because it is easier to hold the colors 
uniform from batch to batch. Nearly all common colors and 
shades are used, including silver and gold. The general 
color scheme used by one panel manufacturer is summarized 
in Table I. 

Correlation symbols of coded shapes are placed alongside 
flow lines or pressure vessels symbols to indicate what is 
being measured, also on the instruments themselves in semi- 
graphic panels. A triangle indicates temperature measure- 
ment; a circle, flow; a square, pressure; vertical rectangle, 
level; horizontal rectangle, remote control, and diamond, 
specific gravity, to mention the common ones. Size averages 
1% in. over-all. Control lines run from the symbol to the 
instrument if the instrument itself is not already located 
within the equipment symbol. 

Flow direction arrows are made of stamped steel, cut or 


stamped aluminum or plastics. Elbows for flow lines at right 
angles are similarly fashioned. The half arrow, Fig. 7, or 


full arrows may be placed anywhere along the lines without 
disturbing them. Attachment is by adhesive except for the 
snap-on arrow. 


MiniAturizep INSTRUMENTS. It has been indicated that the 
graphic panel idea was made practical by the concurrent 
development of miniaturized instruments that could be in- 
cluded within the equipment symbols and that would allow 
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the whole diagram to be within the field of vision of one 
supervisor. Specially developed instruments include minia- 
ture indicators, strip chart recorders and associated con- 
trollers. An anomalous situation is created by the demand 
for miniaturization on the one hand and better legibility of 
instrument scales on the other to keep down errors in read- 
ing. For the strip-chart recorder this is a minor problem. 
The approximate same scale can be presented on a 3 to 
j-in. strip chart as on a conventional disk chart of 10-12 in. 
diam, for as in the case of a phonograph record, the inner 
half diameter is not available for use. For indicating instru- 
ments, the answer to the legibility problem is the addition 
of an alarm signal in the form of gongs or lights or both 
that will call the operator’s attention to a marked deviation 
from the preset range that he might not otherwise observe. 
Scales may also be expanded through the use of drums to 
increase legibility over scales compressed within a limited 
arc. 

Fig. 8 illustrates a number of miniature strip-chart re- 
corders recently developed for graphic panel use. Table II 
summarizes dimensional data for panel mounting. As men- 
tioned earlier, most of these instruments are pneumatic in 
operation but have electric auxiliaries. Chart drives can be 
either by air motors or synchronous (lock-type 60-cycle elec- 
tric motors. Dial lights may be included in both types, and 
in the drum-type indicators, snap-action limit switches tie in 
alarm circuits. 

A feature of all these units is quick demountability, from 
both front and rear of panel. Usually by loosening a couple 
of screws. the whole recording or indicating assembly can 
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lig. 8—Group of representative miniature 
strip-chart recorders especially developed 
for graphic panel use. A—The American 
electronic miniature recorder, made by 
Manning, Maxwell & Moore, Inc. employs 
a rotary solenoid which servo-positions the 
pen. Through a lever system a mechanical 
positioning force is fed back to a Microsen 
balance. (See March EvectrricaL MANu- 
FACTURING, page 145) and by a torsional 
balance is checked against an input signa: 
applying force through an electromagnet. 
Instrument can record on a strip chart as 
shown or on IBM cards, each covering a 
24-hr period. Indicating control station at 
right is shown with optional deviation 
indicator. B—Bristol’s Series 650 recorder 
has an all-plastics door to eliminate shad- 
ows. Linear scale is designed for ease and 
accuracy in reading. Plug-in air and elec- 
trical connections at rear of chassis permit 
quick removal of unit. C—Fischer & Porter 
Ratagraphic recorder also plugs in from 
front of panel. Use of electric cord and 
plastics air hose permits extending unit 
from case without interfering with opera- 
tion. D—Chart traverse is vertical in the 
Foxboro Model 53 Recorder, featuring all- 
aluminum construction with black plastics 
trim. Rear view shows pneumatic and elec- 
trical connections. E—Panel elements of 
the Swartwout electronic transmission and 
control system consist of strip-chart  re- 
corder, manual control at right, and auto- 
tronic controller below. The latter is an 
electronic servo that compares a_ voltage 
signal from the transducer element tc the 
calibrated reference signal. Feedback am- 
plifiers provide proportional band control. 
and adjustable reset-rate and rate time. 
Unit uses tube bases for plug-in. F—On 
the Brown Tel-O-Set pneumatic recorder 
an 8-hr chart record is available for inspec- 
tion when unit is slid out as shown, using 
flexible cord for electrical connections to 
chart drive motor. Wiring to chassis is by 
conduit. G—Chart drive assembly pulls out 
of the front frame of the Taylor Transet 
recording receiver. Air-operated controllers 


plug in at rear. 


be pulled out from the front, leaving the controller un- 
touched (in fact, it may be remotely located). To do this 
requires plug-and-socket connections on both air and elec- 
tric lines. Ball checks and neoprene O-rings on the air con- 
nections permit instrument removal without affecting opera- 
tion of the receiver which operates temporarily under a 
fixed pressure signal. Fischer & Porter uses plastics hose 
connections that permit extending the instrument from its 
case without interrupting its operation. A similar arrange- 
ment is used on the Minneapolis-Honeywell Tel-O-Set 
recorder. Electrical plug-ins follow practice on electronic 
drawer assemblies. (See Figs. 8-B, E and G.) An alternative 
arrangement is to use flexible cord and conventional plugs 
for chart motor connections or lights. A common method of 
plugging into socket strip is demonstrated in Fig. 9. 
Miniaturization has also been extended to indicating types 
of instruments. Dial types are designed to mount in the 
same panel cutouts as for the corresponding strip-chart re- 
corders and are noted in Table II. Those with linear scales 
are summarized in Table III. Basic designs vary widely. The 
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Control Panels 


Graphic 


Bailey vertical indicator units are based on a Bourdon gage 
principle and have a moving pointer on a fixed scale in the 
form of an arc. Fischer & Porter indicators use a fixed 
hairline in conjunction with a rotating drum. Foxboro em- 
ploys a colored nylon ribbon which rises and falls directly 
behind a glass scale, as well as instruments of the moving 
pointer type. 

Two variations are worth noting. The miniaturized panel- 
mounted integrator-indicator, Fig. 10, uses drawer construc- 
tion with flexible electric cord and plastics hose employed 
to permit the bezel frame and mechanism tray to be partially 
withdrawn from the mounting box for adjustment of the 
integrator mechanism. The latter is driven by a 100-rpm 
synchronous timing motor. Cutout dimensions are about 
51% in. square. 

Another instrument that falls short of being “miniature” 
but designed to save panel space is a drum-type electronic 
indicator, Fig. 11. In a case 15% in. high a circumferential 
scale of 285% in. is incorporated. Operating on the poten- 
tiometer null-balance principle with a two-phase reversing 
balancing motor driving a contactor to point of balance on 
a slidewire, the instrument can measure any force or flow 
of energy that can be transformed into millivolts. 


ANNUNCIATORS. Annunciator systems are an essential part 
of any semi-automatic process control where corrective ac- 
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Fig. 9—Rear of demonstration panel devised by 
Panellit, Inc. to show relative space occupied by 
miniaturized instruments of both the recording 
and indicating type. It also shows a common 
method of plugging in chart motors through 
flexible cord. 


Fig. 10—Indicating and totalizing functions are 
incorporated in the Fischer & Porter miniaturized 
integrator-indicator for panel mounting. Flexible 
air tubing and electric cord permit instrument to 
be partly withdrawn without interrupting oper- 
ation. 


Fig. 11—Brown Electronik potentiometer-type in- 
strument with vertical scale designed to conserve 
panel space. Case measures 15° x 6% x 17° 
in. deep. Electronic amplifier steps up input sig- 
nal to operate scale wheel through reversing 
servo motor. Terminal connections are at rea! 
of case. 


tion must be initiated by a supervisor rather than by a 
fully automatic servo control. (4) By means of signal lights 
and alarm bells the operator’s attention is focused on ab- 
normal conditions at identified points in the system. Visual 
signal components are designed into both graphic and con- 
ventional control panels. They are of two basic types for 
either single or multiple mounting—the bullseye and the 
illuminated nameplate. Pilot lights and panel lights are 
generally associated with centralized pushbutton control 
stations for industrial machinery actuation. For process con- 
trol applications where the actuating device may be at some 
distance and where intermediate conditions of off-normal, 
“acknowledge” and clear are desired, the pilot lights are 
operated through a group of relays. Conventional pilot lights 
are often mounted within apparatus symbols, like a cen- 
trifugal pump (See Fig. 5), and alongside start-stop push- 
buttons. Relay controlled bullseyes are frequently mounted 
in batteries as in Fig. 12. The typical arrangement is a 
red and either a white or green lens over an engraved name- 
plate. Torpedo-shaped glass lenses are called for where 
visibility from considerable distances and wide angles is 
sought. 

The unit alarm system illustrated in Fig. 13 can be 
placed alongside apparatus symbols in graphic panels. 

The illuminated nameplate, Fig. 14, is to be preferred 
where the panel can be located reasonably close to the 
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operator. With areas varying from 244 x 1 in. to 3 x 2¥% in. 
there is opportunity for using more words to describe the 
device, unit or function being monitored or to use larger 
lettering. Block lettering is standard and may be either in 
the form of black stencil on opal glass or clear glass ex- 
posed on a painted opaque background. 

\uxiliary annunciator components mounted en the back 
of panel or in associated cabinets include horns, gongs, reset 
and “acknowledge” pushbuttons, toggle switches, motor- 
operated flasher contacts, relays, and terminal blocks for 
outside wire connections and power source. 

Annunciator systems are used to call attention to off- 
normal rather than emergency situations, although the latter 
have been monitored. (5) The usual system is designed so 
that as soon as an off-normal condition is indicated by a 
remote actuating device, such as a pressure switch or thermo- 
stat, the operator is alerted by both the visual signal and 
an alarm. The illuminated nameplate or bullseye will be 
flashed. When the operator acknowledges by pushbutton, 
the flash stops and the light becomes steady until the remote 
device indicates a return to normal. In a two-light bullseye 
system, normal may be indicated by one steady light (white 
or green) and off-normal by a flashing red. It is also possible 
by relay circuits to flash a signal or sound a bell when the 
system has returned to normal. 

These annunciator systems are frequently associated with 
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NEC Class 1 and Division 1 and 2 hazardous locations. 
Division 1 calls for explosion-proof equipment (Class 1, 
Group D) but in the less hazardous Division 2 locations, 
such as ventilated control rooms, the Code permits make- 
and-break devices like switches and relays, to be mounted 
in general purpose housings if the individual components 
are hermetically sealed. Hence it is standard practice tu 
have annunciator relays sealed in cans in an inert atmos- 
phere, Fig. 15. Plug-in units provide circuit flexibility and 
quick replacement and by rack mounting with broad area 
contact at the base, the strain is taken off the glass-sealed 
terminals and obviates cracking of the headers. A bolted tab 
on the top of each prevents the latter from popping out 
of the socket. On other types of manual and automatic 
switches, mercury pool contacts are permitted since they are 
sealed in glass. 


Where the illuminated nameplates are mounted 8 to 12 
or more in a single sheet-metal cabinet the auxiliary equip- 
ment, such as the relay chassis, is mounted in a separate 
cabinet mounted on the rear of the panel. Individual an- 
nunciators may have the relays brought together in one 
chassis or may have the auxiliary equipment in the same 
cabinet with the lamp or lamps behind the name plate, as 
illustrated in Fig. 16. The advantage is that the unit is pre- 
wired. The individual unit pictured has a nameplate area 
of 214 x 1 in. and contains two lamps, relays and switches. 
At the rear is a terminal block for connections to the super- 
vised “trouble” contacts, power and common audible serv- 
ice. Abnormal condition of contacts sounds an audible signal 
and lights a red and white bulb. Operation of the toggle 
switch silences the audible signal and cuts the white light. 
When the contacts restore to normal, the audible signal is 
sounded and the nameplate is illuminated in white. Action of 
the toggle switch to normal position silences the audible sig- 
nal and darkens the nameplate. 

Still another type of alarm system, Fig. 17, depends 
upon both the position of a “key” and an illuminated 
signal. There are four possible positions of the translucent 
plastics indicator key which contains a neon lamp—Normal. 
Alarm, Clear and Pending. When an abnormal condition 
arises in any equipment being monitored, the indicator key 
moves automatically from Normal to Alarm, and is illumi- 
nated upon reaching this position, with sounding of an 
audible signal. Manual movement of the key to Pending 
silences the alarm, but leaves the neon light on. When the 
abnormal condition is corrected, the key automatically 
moves to Clear and the light goes out. A coiled spring pro- 
vides the motive power, governed by an electromagnetic 
latch. Neon lamp was selected because of its greater relia- 
bility than filament type. As many as 24 of these annunciators 
have been mounted on a single multi-alarm panel. 

In conformance with the basic graphic panel idea of in- 
corporating miniature instruments within apparatus symbols, 
a new type of visual alarm system has been developed. It 
has a single frosted prism lens small enough to be mounted 
within such symbols, Fig. 18, or alongside flow lines instead 
of being gang-mounted outside the graphic portions of the 
panel. The enclosed assembly, Fig. 19, occupies a back-of- 
panel space of 214 x 6 in. and incorporates three miniature 
lamps in one bezel, governed by hermetically sealed relays 
of the plug-in types. A reset button is provided to turn off 
the flashing off-normal light or separately mounted howler. 

Several other variations of visual alarm signals are illus- 
trated in Fig. 20. 

Where alarms are applied to closely inter-related variables 
and where if any one of the variables goes “off-normal,” the 
process shuts down, it becomes necessary to determine which 
variable first went off-normal and caused the shut-down. In 
the sequence-indicating annunciators made by Panalarm 
Products, Inc., the cause of such trouble is pin-pointed 
either by automatic lock-out of signals subsequent to the 
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Table I1iI—Mounting Factors for Some Vertical Indicators for Graphic Panels 
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Face Electrical Acces. 
Dimensions, in. Alarm 
Type 
Manufacturer Designation Instrument Operation Single Ganged Lamp Switch } 
Bailey Mini-Line Indicator Pneumatic 2% x 6% (10) 125, x 4'%, Vv } 
’ 
Bailey Mini-Line Selector Switch Pneumatic (2) 4¥2 x 6% 
Neen nen ee nnn nnn nates cele secncrecls tcc upeisleseioaraengnesiesoateote 
Fischer & Porter Ratographic Indicator Pneumatic 2% x 5K (2) 4% x 5% Micro or 
mercury i 
I ct ie fbi hone ttle eieiaeinnnnlenieieomemintbenriammomamnle 
Fischer & Porter Ratographic  Integrator-Indic. Pneumatic 6 x 5% (motor) 
a soulsasesetimeeoesueniihpe is spe ee SED 
Foxboro Consotrol Indicator Pneumatic 1K% x 5¥a* (2) 1'\% x 5% ; 
Foxboro Consotrol Indicator-Controller Pneumatic 3% x 7% Mercury 
Teen ne en renee en ait aera cece eal apeteertdiaentemenmnanpeinmepiinennetntn ane 
Minneapolis-Honeywell Electronik Indicator Electronic 62 x 15% (Scale 
lighting) Micro 
*Ponel cut-out 
i 
first one or by causing the first signal light to be red and electrical control found on the graphic panel is the drum 
subsequent signals white. A reset pushbutton causes the switch (General Electric SB1 or Westinghouse Type W are 
sequence indication to start over again. Sequential an- standard) used as a selector switch. These and pushbuttons 
nunciators are especially advantageous on dangerous proc- other than mercury-contact types, must be enclosed in ex- 
esses where operators need to be sure the entire process plosion-proof housings if the control board is in a Class 1, 
has shut down when trouble occurs. Division 1 or 2 location. Fig. 21 shows the back view of a 






Aside from pushbuttons the most common type of manual panel with a number of such controls and illustrates the 
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type of wiring system employed, namely rigid conduit. For 
Division 2 locations only the terminal strip and signal lamps 
(top right) are exposed. 

In general for Division 2 applications, thin-wall conduit 
(EMT) is used with threaded adapter fittings for entrance 
into explosion-proof housings. Sheet metal housings with 
screw-held covers generally are used to house terminal 
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Fig. 12—-Panalarm annunciator cabinet with two-light bulls- 
eyes in integral chassis housing hermetically sealed relays. 


Fig. 13—Another type of self-contained alarm unit of the 
bullseye type is the Russell & Stoll Unialarm pictured in 
vapor-proof housing. General-purpose unit is housed in 
sheet steel case, with conduit knockouts. Unit can have 
two or three lights and associated relays mounted on a 
plug-in laminate strip. In a three-light system, white indi- 
cates normal; flashing red, an abnormally high condition; 
green, abnormally low. Howler is separately mounted. 
Selector switch is to acknowledge and reset. 


Fig. 14—A common arrangement of illuminated name- 
plates, ganged in one cabinet, usually with their associated 
relays. This Panalarm annunciator cabinet utilizes standard 
2'% x 3 in. nameplates, which flash during the alert period, 
glow steadily after “acknowledgment” until the off-normal 
condition has been cleared. 


Fig. 15—-Hermetically sealed plug-in relay cases mounted in 
multiple for Panalarm annunciator systems illustrated at 
left. They may be housed integrally with annunciator 
cabinets or in a separate case as shown here. 


Fig. 16—Individual annunciator made by H. R. Kirkland 
Company, has a backlighted nameplate. Cabinet contains 
lamps, relays and toggle switch. 


Fig. 17—The Electro-Larm annunciator unit incorporates a 
spring-indexed electrically released position-indicating key 
incorporating a flashing neon lamp for alarm. 





Fig. 18—Visual Monalarm annunciators, comprising mul- 
tiple lights mounted behind a single, narrow frosted prism 
lens, are shown incorporated within tower symbols for a 
fluid catalytic cracking unit. (Russell & Stoll Co., Inc.) 


Fig. 19—Russell & Stoll Monoalarm signal alarm unit for 
flow line and graphic panels, designed for Class 1, Division 
2 applications. It incorporates hermetically sealed plug-in 
relays and a disconnect plug that interlocks with a her- 
metically sealed switch. 


Fig. 20—Three variations of Tigerman visual annunciators. 
Illuminated nameplates at top, wide-angle turret lenses 
center, and bullseyes, bottom left and two-tone nameplates, 
right. Relays are hermetically sealed in plug-in cans. 


strips and to cover exposed terminals. For Division 1 and 2 
locations, all arcing contacts are either enclosed in explo- 
sion-proof housings or hermetically sealed. Bourdon tube 
pressure switches have sealed mercury contacts. 

If the panel location can be classed as nonhazardous, gen- 
eral purpose wiring is acceptable. Panel builders enclose all 
relays, signal lights, terminal strips, pushbuttons, etc., in 
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Fig. 21—Rear view of Taylor Instrument panel de- 

> ] signed for Class 1, Division 2 locations. Explosion- 
proof housings enclose drum-type manual switches. 
Rigid conduit is used throughout. 


sheet metal housings into which conduit is connected by 
locknuts. Disconnect switches are mounted on and operated 
from the rear of the panel. Instruments requiring power 
for chart drives or lights are grouped maximum six to a 
switch. An alternate arrangement is to plug in chart drive 
flexible cord into socket strip. (See Fig. 9.) 

On general purpose panels open wiring is the rule since 
EMT is expensive and rigid conduit more so. Panel wire 
classifications used by one manufacturer are summarized in 
Table IV. 

Plastics coated wire is commonly used, bundled with 
neoprene clips. Panels designed for power plants are more 
often wired with type TA asbestos-covered thermoplastic 
switchboard wire in the familiar gray cotton braid, with 
bundles held in soft zinc clips. (6) One manufacturer uses 
12-gage type TA wire in special cases, but 14-gage plastics 
coated wire in regular production. One important chemical 
industry user runs individual plastics-coated wire through 
small-bore copper tubing. Mineral-insulated wire with 
copper sheath has also been used for wiring graphic panels. 
TW stranded wire is specified in enclosed (conduit) systems. 

Usually, factory-wired panels include only the instrument 
motors and control circuits. However, because of the possi- 
bility that temperature readings may be affected by rela- 
tively high and unequal resistance connections at terminal 
blocks, or by thermo-electric effects caused by temperature 
gradients at the terminal blocks, it has been found prefer- 
able to run detecting unit (resistance thermometer, thermo- 
couple, or other primary element) wiring directly to the 
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Fig. 22—Wing panel supports relays and termina! 
blocks associated with drum switches and signal 
lights on main panel (Taylor Instruments Co.). 





Fig. 23—Relays, pressure switches and ter: 
minal strips are located on the side wall of « 
Minneapolis-Honeywell cubicle-console cabinet 
Relays are glass enclosed. 
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instrument terminal block. This procedure also avoids the 
possibility of the. instrument being damaged by an elec- 
trician inadvertently connecting the line voltage to the 
measuring circuit. 

Line switches, motor starters, circuit breakers, etc., are 
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Machine Tool Application. A Ger- 
man machine tool builder, Elektro-tech- 
nische Fabrik, Dusseldorf-Reisholz, is using 
graphic principles on a contro] panel to 
make it easier for the operator of a hori- 
zontal boring mill to guide the coordinate 


feed motions of the boring bar, headstock, 
saddle and table, also spindle rotation, by 
pushbuttons and selector switches. Above 
the directional buttons is a_ perspective 
drawing of the whole machine with lu- 
minous arrows that are lighted to indicate 


direction of feed movement, often imper- 
ceptible. Control panel is pendant mounted 
and incorporates an ammeter to check 
spindle load and signal lights to indicate 
which feed and spindle motors are run- 
ning at any one time. 





Table TV—Classes of Wiring 
Used on Graphic and Conventional 
Process Control Panels 


Description of System 





Application Comments 





: (1) Type A—Open wiring be- Should be used only 
: tween devices only. Instru- where the wire system 
' 4 ments and devices interwired is quite simple. 
‘ only. The user makes field 
connections to terminals 
| within each unit. Wires are 
a grouped and tied into cable 
form. 

: (2) Type B—Open wiring be- For general use. Eco- 
x tween devices and to num- nomical design requir- 
+ bered terminal blocks for ex- ing a minimum of field 

' ternal connections. Wires are connections. 

j grouped and tied into cable 
. form. The panel is shipped 
4 as a completely wired unit. 

The user connects to marked 
terminals as shown on the 
wiring diagram accompany- 
ing the panel. 

(3) Type CF — Enclosed wiring Should be used only 
in flexible conduit, between where the wiring sys- 
devices only. Identical to tem is simple. 

Type A except that flexible 
conduit replaces the open 
wiring. 
Fig. 24—Vertical support areas (1) divide 
J 44 this Bailey panel into bays of associated instru- : . 
ments and operating lines. External air and (4) Type CR—Identical to Type Should be used only 
electrical connections are made from below (2). Panel CF, except that rigid con- where the wiring sys- 
tubing is concentrated on one side of vertical supports (3). duit replaces the flexible tem is simple. 
Perforated fibres help fan out wires from bundled con- conduit. 
ductors to terminal boards (4). Control boxes, relays, 
alarms, breakers, ete., are mounted on adjustable wall (5) Type DF —Enclosed wiring Careful consideration 
racks (5). in flexible conduit between must be given to addi- 
devices and to terminal tional space require- 
blocks in metal compart- ments for conduit runs, 
usually not mounted on the panel, because, in the majority ments. This type provides junction boxes, and 
ok dean... tee unite are ut cody: -comeliile: Winn -20 total enclosure of all wiring. terminal block com- 
mounted. Another consideration in the operator’s safety, : is more desirable than partments which may 
hf , ; ypes CF and CR, since the affect panel size. 
since these devices frequently handle high voltage. When panel is- veceleed. be. the 
the panel is several hundred feet from the motor being user as a completely aiaal 
controlled it is far better to mount the starter near the unit. 
motor and bring in only control wiring to the panel-mounted 
pushbutton or relay associated with it. os (6) Type DR— Enclosed wiring Same comment as for 
The compact arrangement of recorders, indicators and in rigid conduit between de- Type DF. 
controls on the front of the panel leaves little space at vices and to terminal blocks 
the rear for mounting of auxiliary electrical and air control in metal compartments. Iden- 
components. One method of accommodating them is by wing tical to Type DF except for 
panels as illustrated in Fig. 22 for a general purpose loca- rigid conduit. 
tion. Here the wing panel mounts relays and terminal strips 
while the graphic panel supports strip-chart recorders, drum (7) Type DEP—Wiring for haz- It is the panel user’s 


switches and signal lights. A cubicle or a cubicle-console 


ardous locations as classified 


responsibility to deter- 


cabinet, Fig. 23, provides space on the side walls for location by the National Electric mine, in conjunction 
of relays, pressure switches and terminal strips. Code. —_ local — 
: . , ssifica- 

A modular system of vertical wireways and tubeways has eS 


been devised by Bailey Meter Company to solve the space 
and servicing problem on electric and air lines. The vertical 
support channels are formed from perforated sheet. They 
are systematically spaced and divide the back of panel into 
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tions for his particular 
plant or plant location. 


Source: Industrial Div., Minneapolis-Honeywell Regulator Co. 
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Graphic Control Panels 
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Fig. 25—Details of Bailey modular wireways 
and tubeways. 


bays of associated instruments and operating lines, Fig. 24. 
The bay widths are determined when the major instruments 
have been selected and located. 

The tubeways provide centralized distribution points and 
carry all instrument control lines and meter pressure lines 
from remote points to panel-mounted instruments. On the 
reverse side of the channels, bundled wires are clipped as 
well as terminal blocks. The perforated channels also facili- 
tate mounting of control boxes, alarms, relays, breakers, etc. 
In the panel shown in Fig. 24 approximately 12 sq ft of addi- 
tional equipment and tubing may be mounted without affect- 
ing the accessibility of instruments and control on the back 
of the main panel. Details of the modular design are given 
in Fig. 25. 

A modification of the same idea applied to a graphic 
console panel is seen in the rear view, Fig. 26, where all 
wiring connections from electrical measuring instruments and 
control switches are brought to vertical terminal boxes for 
connection to feeders coming from below. Wires are bun- 
dled and led through plastics bushings in a ventilated metal 
trough running horizontally behind the terminal housings. 


PaneL Layout. Panel layout begins with the process flow 
chart as a guide. Usually preliminary sketches are made 
on graph paper (10 lines per in.). After the panel outline 
is drawn in, the front-of-board units are sketched in with 
solid lines. Careful consideration must be given to space 
requirements for plant symbols, correlation symbols, name- 
plates and flow lines, as well as instruments and manual 
controls like drum switches and pushbuttons. The next step 
is to locate and draw in with dotted lines the back-of-board 
equipment, such as relays, filters, mounting straps and 
terminals. The outlines of the latter must not fall too close 
to those of the front-of-board components. Final drafting 
and detailing of the panel cutouts is done with instruments 
usually to a scale of 2 in. to the ft. 

For sales purposes, often an artist’s conception of the 


rs 





Fig. 26—Modular wireways applied to a Bailey 
G graphic console panel. Instrument, signal 
light and manual switch wiring is brought out 


to eight groups of terminal blocks. 


panel is made up in color as it will appear in completed 
form. Sometimes full-scale paste ups are made with colored 
paper and tape on wall board, with actual instruments and 


. f 
components, then photographed in color. 10 
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Testing Cable Connections 


With Relay Networks 


Automatic detection of faults in multi-conductor cables or wiring 


harness is made possible with relay-resistor circuits. Full details are 


given on the design of circuits for testing any number of conductors. 


Mark Morgan, Methods Engineer 
INTERNATIONAL BUSINESS MACHINES CORP. 
Endicott, N. Y. 


THERE ARE many opportunities for error in the assem- 
bly of multiple-conductor cables and their termina- 
tions. The possibilities of wrong connections, poor 
connections, grounds and short circuits make pro- 
duction testing of such wiring essential. To simplify 
this task, a system based on relay and resistor circuits 
has been developed which makes possible rapid iden- 
tification of faults in multi-conductor wiring. The 
cables to be checked are connected to test fixtures, 
voltage applied and the circuit conditions learned im- 
mediately from pilot lamps or other indicating devices. 

Multiple-conductor cables appear widely in com- 
plex electrical and electronic circuits such as those in 
computers, automatic appliances, industrial equip- 
ment and business machines. Often, several hundred 
conductors are brought to a relay gate or chassis in 
the form of individual wire jumpers or of wires bun- 
dled into a cable. Numerical tabulation or wiring 
charts are available to the wireman who makes the 
connections and the wiring pattern is memorized in 
case of often-repeated production units. Thus, un- 
avoidably, wiring errors creep into assemblies and 
cause faulty operation of the machine. Errors can be 
detected and corrected, either at the final inspection 
and test of the machine by skilled trouble-shooters, o 
by testing each wire at the subassembly stage. Experi- 
ence has shown that, generally speaking, the detec- 
tion of errors in complex wiring groups requires less 
skill, less time and less floor space if it is done at 
subassembly rather than a final assembly. 

The test of the wiring of a subassembly is facilitated 
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Portable cable testing unit. Relays are ganged on top 
of rack, with sockets for multi-connector plugs below. 
Separate signal lamp box (circle at top) has a set 
of test prods for general testing purposes. 
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if the components used are of the pluggable type, be- 
cause the testing equipment can be plugged into the 
chassis and the wiring is checked before the pluggable 
components are placed in it. However, pluggable 
units are not a necessary prerequisite for subassembly 
test of wiring. Instead, the wiring check may consist of 
a functional or operational test, which of course re- 
quires that the components be in place in the chassis. 

Fundamentally, a wiring check at subassembly con- 
sists of verifying that each wire is continuous (its d-c 
resistance is equal or lower than a predetermined fixed 
value) and that the two ends of the wire are con- 
nected to the correct terminal. When relatively few 
wires are encountered, such as in industrial machine 
control, this sort of test can be made with a test-light 
using the continuity principle. But when the number 
of wires runs to the hundreds or to the thousands, the 
use of semi-automatic or automatic testing procedures 
is in order to speed-up production. The need for fast 
automatic testing is becoming more pronounced in 
many fields of manufacturing as production rates are 
increased. The procedures being adopted for inspect- 
ing motors by an appliance manufacturer, for example, 
were discussed previously in ELecrricAL MANUFAC- 


rurtmNG.* A method for simultaneous checking of ter- 
minal connections of wires in multiple groups will be 
described in this article. When the ends of a multiple- 
conductor cable are brought out to terminal blocks 
or to the bases of pluggable units or equivalent, an 
individual wire may prove to be: 


1—Connected to a preceding terminal (error ). 


bo 


—Connected to the correct terminal. 
3—Connected to a succeeding terminal (error ). 
{—Not connected at all or not tightly connected 
(error). 


These four possible conditions can be detected, and 
the information indicated with a signal, by means of 
the circuit shown in Fig. 1. CRI and CR2 are electro- 
magnetic relays. When their coils are connected to a 
variable voltage V, and V is made to increase trom 
zero to the rated voltage, there is a fixed value V,, 
at which the relay first operates. This minimum oper- 
ating or cut-off voltage is a quantity which varies with 


*See the article, “‘Applying 
\. Spagnuolo, Feb. 1954, page 9% 
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Case 1 - Correct connections for cable 


i Wire 1 1A 


Relay base 


Cose 2 - Error in connections 
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Cose 3 -Error in connections 
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types and makes of relays, but for a given unit is a 
sharply defined voltage. The relay will pick-up and 
operate its contacts only for voltages equal to or 
greater than V,,,. 

In practice, V,, varies between approximately 50 
per cent and 85 per cent of rated operating voltage. 
In Fig. 1, the values of resistances R1, R2 and R3 can 
be so selected that when rated voltage V is applied, 
relay CRI is energized and CR2 is de-energized. At 
this time, normally open contacts CRI close, thus the 
pilot light circuit is energized and indicates continuity 
between points A and B. But resistance R3 can also 
be made high enough to prevent CRI from picking-up, 
or low enough to allow both CRI and CR2 to pick-up. 
In other words, for any given set of values of V, R1 
and R2, the resistance R3 controls the state of relays 
CRI and CR2 so that they assume one of the follow- 
ing conditions: 


1—Both energized. 
2—Only one (CRI) energized. 
3—None energized. 
It is assumed that relays CRI and CR2 are identical 
and have identical cut-off voltages. Under these con- 


B-INDICATING PANEL 


CR-1 


Lamps or other signals 
a-7Relay contacts 








CASE 1: Correct connections 
All 4 lights "on" No error 
CASE 2: Error in connections 


Lights 1 & 2 off 
Lights 3 & 4 on 


CASE 3: Error in connections 
Lights 1 & 4 off 
Lights 2 & 3 on 


Detection of error 


Detection of error 


FIG. 2—Schematic circuits of robot 
for checking wiring errors in 4- 
conductor cable. Mode of operation 
of signal lights is shown above. 
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~Wire terminals 
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FIG. 1—Correct hookup and three errors 
in connections can be determined with this 
basic test circuit. 


ditions, the pilot light will give a positive indication 
only when the voltage at point B is such that CRI is 
energized and CR2 de-energized. The conductor be- 
tween points A and B represents one of the wires in 
a cable or a jumper for interconnection of a chassis. 
The simultaneous test of a group of conductors is 
made by connecting to each set of terminals where 
the conductors are supposed to end, a unit circuit like 
the one shown in Fig. 1. But, it is fundamental that 
the values of resistance Rl, R2 and R3 be selected in 
a fixed progressive relation with each other when a 
group of wires is tested. How this progressive rela- 
tion is arrived at will best be shown by examples in 
Fig. 2. Here a four-conductor cable is represented. 
Wire I is connected to terminals ] and 1A; wire 2 to 
terminals 2 and 2A, etc. This, supposedly, is the con- 
dition of correct wiring. 

For testing, two plugs are required; one for the 
cable ends 1—4 and the other for the cable ends 
1A—4A. Assume that 600 ohms in series with the 
1000-ohm coil will provide the cut-off voltage; i.e., 
the minimum voltage at which the relay is energized. 
A relay will be energized when in series with resist- 
ances lower than 600 ohms, but will not be energized 
when in series with resistances higher than 600 ohms. 
When such a system is connected to the nominal 
voltage, relays CRI, CR2, CR4 and CR6 will be ener- 
gized, while relays CR3, CR5 and CR7 will not be 
energized. Four pilot lights are used to indicate 
whether or not the cable connections are correct. 
When wired as shown in Fig. 2 (Case 1), all four will 
be illuminated as required to show that conditions 
are correct. If any of the four wires in the cable are 
missing or are present but unconnected, the corre- 
sponding relay is not energized and the associated 
lamp does not go on. 

Assume now that there are two errors in the cable 
or wiring as in Case 2 of Fig. 2. Here, wire 2 is 
connected between terminals 2A and 1 (instead of 
between 2A and 2) and wire 3 runs between 3A and 
2 (instead of from 3A to 3). Under these conditions, 
both relays CR2 and CR3 will be energized, as will 
relays CR4 and CR5. This prevents lights 2 and 3 
from going on, and indicates an error in connections 
of the corresponding wire. 

In the next set of conditions, Case 3 of Fig. 2, there 
are two other errors in the cable. As a result of im- 
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enn ewe en Sensing circuit ------- 


FIG. 3—Schematic diagram of a test unit 
for a cable with an infinite number of 
conductors. 


proper assembly, wire 1 is connected to terminals 1A 
and 4, and wire 4 is connected to 4A and 1. Relay 
CRI1 will not be energized because its coil is in series 
with 900 ohms (the total of 600 and 300 ohms). Both 
relays CR6 and CR7 will be energized because their 
coils are in series with only 300 and 400 ohms, re- 
spectively. Lamps I] and 4 will not go on, indicating 
the existence of faults in their associated circuits. 

From the foregoing, a general relationship of values 
can be established as given in Fig. 3. Assume that 
for relay CRI and fixed voltage V, the resistance R1 
is the cut-off value for the relay. Thus, RI is the max- 
imum value of resistance which, when wired in series 
with the coil, will allow the relay to pick-up. For a 
group of conductors, progressing numerically from 
1 to X, the resistance connected between one end of 
each conductor and its relay decreases in fixed and 
equal steps from RI to RX. In contrast to this, the 
resistances at the other end of the conductors increase 
in fixed and equal steps, from zero to a value RI—RX 
so that, for any conductor in the group, the sum of 
the resistances connected to both ends is constant and 
equal to Rl. The fact that the resistances decrease 
from RI and RX in steps and that the value of these 
steps cannot be too small, makes it impractical to 
have a very large number of conductors under test 
simultaneously on a given group of relays. 

The value in ohms of the difference of each resist- 
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FIG. 4—Elementary wiring diagram for 8- 
position robot made up by two 4-position 
sections, 


ance trom the succeeding resistance depends upon the 
resistance of the relay coil. But, each step cannot be 
much less than 5 per cent of the resistance of the coil 
if commercial tolerances are taken in consideration 
and an adequate margin of safety in the discriminat- 
ing action of the coil is required. If relays with very 
sharp cut-off voltage are used, and the resistances are 
very accurately chosen or calibrated, the number of 
conductors in simultaneous test can of course be in- 
creased in the design of a robot. But, it may prove 
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DETECTION OF SHORT CIRCUITS 


Wire 1 





ah 





a, 


A-— Short circuit between wires 2 & 3 - 
2 100x200 _ 
Porallel resistance 100 + 200 66n 


Reloy 2- in series 500 + 66n=566n Picks-up 


Reloy 3- in series 600 + 66n=666n Does not pick-up 


Reloy 4- in series 400 + 66n=466n Picks-up 
Relay 5- in series 500 + 66n=566n Picks-up 


LIGHT 2 —- ON 
LIGHT 3 — OFF ~— INDICATES FAULT 


1A 


short 
circuit 





8 — Short circuit between wires 2 & 4 


Porollel resistance oon soo =750° 


Reloy 2-in series 500 + 75n=575n Picks-up 
Relay 3-in series 600 + 75n= 675n Does not pick-up 
Relay 6-in series 300 + 75n= 375n Picks-up 
Relay 7-in series 400 + 75n= 475n Picks-up 


LIGHT 2-ON 
LIGHT 4- OFF ~— INDICATES FAULT 


FIG. 5—Unit set up to detect short circuits or grounds in correctly connected wires. 


easier to have groups of testing units connected in 
parallel. A complete wiring diagram for an 8-position 
robot made up of two 4-position sections is shown in 
Fig. 4, and a test unit corresponding to this diagram 
is shown in the headpiece picture. 

It should be noted that the system operates on the 
assumption of a fixed and well defined operating volt- 
age for the relays. Consequently, deviations of the 
supply voltage from the rated value for which the unit 
has been calibrated will result in faulty readings. The 
voltage fluctuations and disturbances usually present 
in industrial distribution systems make it necessary to 
incorporate a voltage regulating means such as a 
potentiometer and a voltmeter for adjustments before 
making a test. This, of course, requires manual ad- 
justment. Automatic voltage regulators may also be 
employed. 

The system is effective also in the detection of 
wires shorted or grounded although connected to the 
proper terminals. An example is given in Fig. 5 to 
show what happens in a 4-position unit in case of 
short circuit between wires 2 and 3 and wires 2 and 4. 
The values in the examples are those previously shown 
in Fig. 2. It will be noted that in either case a lamp 
corresponding to one of the shorted wires remains 
unlighted thus indicating a fault. If the plugs are now 
inserted in reverse from 4 to 1, the lamp corresponding 
to the other of the two shorted wires will stay dark. 
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This completes the information regarding the status of 
the circuit. Obviously the same considerations apply if 
the wires are grounded simultaneously to the frame. 

The robot, as described, was designed and used as 
a hand tool. It is conceivable, however, that its opera- 
tion might be mechanized. In either case a chart or 
schedule must be available to the operator indicating 
to him the wiring pattern of the device under test. In 
hand operation, the chart is followed step-by-step 
inserting the plugs in the proper sequence during the 
test. In a mechanized robot the same procedure would 
take place automatically, but a chart must be made 
also for the robot in order to set up the sequence of 
operation in wiring the connecting plugs. Furthermore, 
wiring information must be available to make correc- 
tions, or to verify the signals generated by the robot 
against the actual wiring of the chassis under test. 
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Compendium on Automatic Production 
READERS interested in the various phases of 
automation can now obtain Design Compendium 
No. 7, containing reprints of 12 articles on the 


subject published in previous issues of ELECTRICAL 
MANUFACTURING. See page 254 for more informa- 
tion and ordering instructions. 
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TODAY’S DESIGN 


Self-Powered 
Tape Recorder 


Management, appearance designer and design engineer each tell 


about their contributions to the successful development of the Warren 


battery and a-c powered portable tape recorder and player. 


Management Objectives 


J. C. Warren, President 


J. C. Warren Corporation, Freeport, N. Y. 


First CONCEPT of a truly portable (self-powered ) 
tape recorder started five years ago with the idea 
of a portable record player for the same type of 
service where portable radios are commonly used. 
Initial work on the idea established the need for 
longer unattended playing time than possible with 
ordinary record selections, and this led to the con- 
sideration of magnetic tape as the recording medium. 
Early attempts established that a spring-powered drive 
was unacceptable for such a device, and recharge 
able batteries were investigated. 

A compact non-spillable wet-cell storage battery 
which was rechargeable offered good promise as a 
power source. Storage battery power then suggested 











adding the recording feature, as well as playing with 
a self-contained speaker. This then became the basic 
idea for a truly portable, self-powered, tape recorder 
with a much larger potential market. 

An analysis of possible fields of use resulted in the 
tollowing markets: 

Consumer use—as a portable source of recorded 
music. 

Educational service—more flexible by not being tied 
to an a-c outlet. 

Field use for reporting, broadcasting or dictation. 

World-wide use with various types of power supply. 

Some of these uses—but not all—were being sup- 
plied by existing equipment. There was a_ spring- 


FIG. 1—New Warren portable tape recorder 

with self-contained battery requires only 

6 watts power; will record for 6 hr without 

recharging. Tape speed 1.78 in. per see with 
performance in power and frequency response 
equal to the best portable radios. Motor speed 
is synchronized to a vibrating reed. 
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wound recorder with limited playing time and no 
playback. Another unit with dry-battery power was 
electrically driven but also lacked playback. A German 
instrument that included playback fell far short of 
the fidelity needed to compete with a portable radio. 
There were a number of other portable tape recorders, 
all operated from a-c lines. Consideration of these de- 
vices and their limitations led to setting up these re- 
quirements for a commercially feasible machine. 
1. Playback through its own speaker. 


bo 


Minimum size and weight. 


3. Appearance—an uncomplicated, clean looking 
piece of equipment. 


& EXECUTIVE 


PROBLEM 


SALES ( DESIGNER 
MANAGER ; 


@ ENGINEER 


; 
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4. Fidelity of reproduction equal to a portable radio. 

5. Easy operation—simple controls, easy threading. 

6. Cost competitive with a-c tape recorders with 
some premium for portability. 

7. Play in all positions and in any weather. 

While the above requirements were established by 
management, contributions to the final design, Fig. 
1, came from a variety of sources. Appearance design 
consultants were brought in, and the company’s ewn 
engineering and marketing department also contrib- 
uted. Through consultation some of these general 
objectives were brought down to specific terms. 

LP Eve 


Tue Warren Tare RecordER was developed 
from its earliest inception on the basis of total 
planning; objectives were established with 
management, engineering, industrial design and 
sales, each contributing ideas in regard to the 
use of the product. These contributions were 
evaluated by management as in the diagram left, 
to obtain a balanced approach to the problem. 
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FIG. 2—Two tentative designs 
shown at left were developed 
before appearance design was 
considered. Vertical layout A 
put controls in an inaccessible 
place; flat layout B offered a 
serious problem in sealing for 
all-weather use. Suitcase-type at 
C gave good stability with de- 
sired convenience and protec- 
tion. 


Appearance Design Contributions 


Raymond Spilman, Industrial Designer 


New York, N. Y. 


INDUSTRIAL DESIGN, as one of the major development 
factors noted in the diagram, entered this problem 
early in the game. Mr. Warren had established the 
general size of his unit and well clarified the perform- 
ance characteristics. In fact, a breadboard model had 
been developed and was in operating condition at the 
time we entered the program. 

The questions arising in our first meeting with en- 
gineering and management were concerned with: 

The Type of Market. Professional newsgathering 
agencies such as radio, newspapers, and commentators 
or for amateur users for such purposes as home re- 
cordings, beach parties and social gatherings. It was 
the decision of Mr. Warren that the initial market 
was to be for professional newsgathering personnel, 
and that if possible, a secondary market would be 
developed for the home consumer. 

Product Characteristics. At the time of our meet- 
ing, there were one or two sketches of the finished 
design as tentatively envisioned by others. These 
sketches, Fig. 2, portrayed the tape recorder as either 
a vertical unit, or a horizontal table top operation, 
similar to most home recorders. 


After evaluating the market and the decision to 
first favor the professional user, the form of the en- 
tire unit was evaluated from the point of view of 
the consumer. It was decided that the unit should sit 
on its side with the tape spindles horizontal. This 
placed the machine in a compromise position as far 
as stability was concerned, as the flat or conventionai 
position, B in Fig. 2, gave the greatest contact surface 
between the machine and the surface on which it 
rested. The vertical position, shown at A, with the 
reels running one above the other, presented a rea- 
sonably easy carrying shape, but gave an undesirable 
location for the controls. Also, the unit was obviously 
top heavy in a rest position. Therefore, the form of 
the machine was established to follow the appearance 
of a small suitcase, C in Fig. 2, since this shape 
achieved both visual and actual stability while allow- 
ing for all controls to be developed on one surface. 

Additional factors in favor of the suitcase type form 
was that it allowed for the unit to be carried snuggly 
against the body. By slanting the top or operating 
area, it was conceivable that the unit could be oper- 
ated in a carrying position as well as static or at 


FIG. 3—Once the general shape was determined, the problem became one of reconciling conflicting engineer- 
ing and appearance design objectives. First problem was location of the speaker, placed between the controls 
and tape reels in sketch 4. In the proposed design B, reels were enclosed with a transparent plastics cover, and 
legs were added to keep the case off the ground for outdoor use in bad weather. A later revision in panel design 
is shown at C, but covers were not “captive.” Design finally adopted, at D had small windows in the top surface 
through which dial positions could be read, but this idea was later replaced by bar handles on the controls that 
would tell position by feel. Overhang over the control panel was found to give sufficient protection against rain 


so the dial cover could be eliminated. 
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rest position. In addition, for professional use it should 
be waterproof and have legs to keep the case off the 
ground if set down. But the legs should not decrease 
the stability of the unit. 

With these general decisions made we prepared 
several sketches, Fig. 3, to further define all of the 
applicable ideas. Sketch A generally follows the con- 
clusion noted above. A slanting panel was used on 
a suitcase type unit and the speaker grille was sand- 
wiched between the controls and the reels. It was 
our objective to leave the controls and speaker open- 
ing exposed with only the tape enclosed while the 
machine was being carried. 

Sketch B, still following the suitcase form, used a 
longer and more decorative flat handle, the reels being 
enclosed with translucent plastics. We felt that the 
operation of the reel would be interesting to watch 
and if covered by a clear plastic would be sufficiently 
protected from the weather.. The controls above 
speaker area were covered with an aluminum slat that 
simply lifted for operation. It was assumed here 
that the controls themselves would be on a slanted 
panel. Note that legs appear for the first time. In the 
next step, sketch C, the slanted panel is eliminated. 
and the front of the case is split into two parts and 
made completely removable. 


Faults of Earlier Designs 


Up to this time, we had been working on the 
assumption that we could store the microphone and 
its cord, plus an additional reel in the rear of the 
case, but this seemed like a poor idea when we were 
trying to maintain all operations from one side of 
the unit. As a matter of fact, there were several things 
wrong with these sketches. Specifically, A looked too 
much like a piece of laboratory equipment and gen- 
erally appeared to be unsuitable for outdoor use. 
B reminded Mr. Warren of some portable radio he 
had seen and somehow seemed to have lost a pro- 
fessional appearance. In C, by failing to make the 
two-piece cover “captive” we lost one of the purposes 
of a practical field unit. None of the designs had 
storage space for the cord and reels. 

At this point, design D was developed and _ sub- 
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sequently adopted. This design used a cover over the 
controls and a separate cover over the reels, both 
permanently hinged in position. The handle was a 
long flat bar that would fall into a flat position when 
the unit was not in use to allow stacking of books, etc., 
on the top of the case. The control knobs were placed 
on a vertical surface and carried a secondary disk 
back of the instrument panel that could be seen 
through small windows on top of the case. This made 
the unit equally easy to control, whether it was being 
carried or being operated from a conventional position. 

The speaker opening was slanted outward and 
downward to prevent rain coming in the grille open- 
ing and the entire unit, including the chassis as well 
as the operating panels, slid into the case from the 
front and nested against a rubber gasket. This design 
was lengthened by approximately an inch to provide 
storage space for the reels and microphone. 

The color combination chosen was a compromise 
between a professional instrument and a commercial 
radio. The general case color was a hunter’s green 
with a jet black reveal around the front of the case. 
The instrument panel was brushed gold and the area 
below where the reels were housed was a hunter’s 
green to match the outside of the case. 

In subsequent models, the material was changed 
and the fabric used on the case is of the airplane 
type and somewhat sportier in feeling than the orig- 
inal plain color. 

The flat handle originally used was designed to 
lie flat so that objects could be placed on the top. 
Actually the handle had a tendency to bind and was 
given up in favor of a design shown in Fig. 4 with 
a permanent opening under the grip for the fingers. 
This knocked out the advantage of the previous 
handle, but the handle came up unevenly when the 
tape recorder was picked up. 

The dials were carefully designed so that the unit 
could be used without light. For this reason the con- 
ventional knobs were replaced with a bar type so 
that operating position could be sensed by “feel.” 

The front cover for the control panel was finally 
eliminated since its original purpose of holding out 
weather was accomplished by recessing of the con- 
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trol levers. The overhang was large enough to keep 
anything other than horizontal rain out of the speaker 
housing. This proved successful and has been re- 
tained in the present design, although the area for 
the speaker has been considerably enlarged to meet 
engineering requirements. 

The bar handle below the speaker grille, a matching 
design motif for the speaker grille, offers an undercut 
ledge on handle for use in opening the cover for access 
to the reels. This has not changed materially from 
the preliminary model and serves both a useful and 
decorative purpose. 

The development of the legs that were started in 
some of the earlier sketches was carried to completion 
on this model. The final design uses formed steel 
wire legs chromium plated. We used wire for weight 
reduction, and also to get the bulk of the receiver 
up off the ground on rather light legs so as to make 
the whole unit appear smaller. 

Because of the close liaison between engineering, 
management, design and sales, this project had few 
points of disagreement during the course of its devel- 
opment. One was a meter to show recording level. 
Originally considered a must by the engineers, it 
was eventually discarded since appearance-wise it 
could not be built into the case at a satisfactory point 
for physical appearance. At the same time, if the case 
was to operate “blind” a visual meter become un- 
necessary. 

Another area of disagreement was in the location 
of the speaker. It was much simplier and easier to 
achieve good tone quality by using a conventional 
speaker in some handy portion of the set that had 
an outlet into the back or end area of the case. Also 
at one time, engineering conceived the idea of having 
the speaker grille in the top of the case. They took an 
extremely dim view of developing a speaker that 
would sandwich between the mechanical and _ the 
electrical components of the recorder on the topside 
of the unit. There were many reasons why it wouldn't 
work and finally we suggested the development of 
a special horn, which was accepted. From that point 
on the location of the speaker in its present position 
was assured. O00 
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FIG. 4—Fabric-covered wood case has suflicient 
overhang to protect control panel for outdoor 
use. Microphone and spare reel are stowed in 
compartments at each end of chassis. With 
removal of two screws in the back, the chassis 
can be taken out of the case; batteries (in 
rear) remain connected to permit operating 
the recorder outside the case when necessary 
for servicing. Speaker is mounted in the cast 
frame and a glass-fiber horn conducts sound 
to long grille below control panel. 


Engineering Design 
Problems 


T. E. Goodwin, Chief Engineer 


J. C. WarrEN CORPORATION 


FOR ENGINEERING GUIDANCE in developing the new 
design, a maximum weight of 15 lb was set up as a 
target. Size of tape reels, speaker and controls fixed 
a minimum outline of 15 x 9 in.; motor and drive 
together would require a depth of 6 in. Fidelity called 
for good response from 100 to 4500 cycles. A playing 
time of 1 hr per 600-ft reel fixed the tape speed at 
1.875 in. per sec. Field service required sufficient 
battery power for 8-hr operation without recharging. 

Constant-Speed Drive. While there were large num- 
bers of engineering design problems, the most critical 
one was the power drive. Speed had to be constant 
within 4% per cent under substantial variations in load 
with only meager power available. Centrifugal gov- 
ernors could not hold the speed closer than 3 per cent 
consistent with low power drain; in addition the pre- 
cise final adjustment required in production would 
raise costs on the unit. A d-c motor with a 4-pole 
permanent magnet rotor was tried with the field fed 
from a vibrator; but when designed with sufficient 
starting torque, the motor would overshoot synchro- 
nization under certain conditions such as high battery 
voltage. A delayed thermal switch was added to cut 
the rotor field in after motor had started but this in- 
troduced more problems than it solved. 

Finally, we tried a motor with a 4-pole rotor and 
a 6-pole field with opposite poles of like polarity. A 
commutator was added to switch the vibrator power 
pulses, as described in the accompanying box. 

Playing Time. Three major factors were in conflict 
in meeting the requirement for 8-hr playing time. 
Weight and space limitations required small batteries; 
battery size fixed battery drain for a given playing 
time; battery drain was largely influenced by motor 
power required to overcome idle-running losses plus 


135 




















ELECTRICAL 





High-Torque D-C Motor Synchronized 


to Vibrator Power Supply 


MorTor SPEED is kept constant 
well within % per cent under 
wide variations in load. Design 
uses a 4-pole rotor and a 6-pole 
field with a commutator in series 
with vibrator contacts. When the 
switch is closed, reed coil is ener- 
gized from brush 2, reed makes 
contact with contact 4, and coils 
2 and 5 are energized. Since 
these coils are arranged to be- 
come S Poles, rotor N, is at- 
tracted to stator coil 2 and Ne to 
coil 5. Under this torque the rotor 
moves about 60 deg. About 5 deg 
before rotor poles V; and Ne 
come to center of coils 2 and 5 
commutator segment A_ leaves 
brush 2 and contacts brush’ 3. 
Reed swings back to normal and 
closes contact 5. Coils 3 and 6 
are now energized through brush 
> and reed contact 5, and rotor 
pole Vi is attracted to stator pole 
3 and Noe to 6 causing rotor to 
move 60 deg more. Thus, the 
motor receives torque pulses at 
twice the frequency of the reed 
with the duration of the power 
pulse depending on the relative 
position of the stator at the in- 
stant the reed makes contact. 
When rotor speed becomes 
somewhat greater than reed reso- 
nant frequency reed contacts 4 
and 5 are made after commuta- 
tor contacts open and no current 
goes to the coils. With a reed vi- 
brating at 80 cps the motor speed 
is 2400 rpm. Series resistors and 
shunt capacitors serve to quench 
arc caused by inductive kick 
when coil circuits are broken. 
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FIG. 6—To reduce weight and supply 
needed rigidity the entire recorder is 
built into this cast magnesium frame. 


friction losses in tape transport. Obviously the place 
to start was in reducing mechanical friction in the tape 
drive. 

Sintered bronze bearings first employed on reel hubs 
were replaced by radial ball bearings seen in Fig. 5. 
A smooth-operating slip clutch of low torque was 
designed for the take-up spool. Ratio of take-up 
pulley to capstan speed was carefully set at the bare 
minimum required when the take-up reel was empty. 
Radial ball bearings were also added to the capstan 
Hywheel shaft to reduce friction under the high side 
thrust. 

It was decided that since the unit should operate 
from both 110 volts a-c and also its own self-contained 
battery, switching problems could be reduced by al- 
ways operating the equipment from battery, and when 
on a-c power, simply charge battery at a rate slightly 
higher than unit drain. When operating from an a-c 
supply, the batteries are thus receiving some charge; 
when connected to an a-c supply with the recorder 
idle, fully discharged batteries can be recharged in 
about 8 hours. 

Current requirements for the electronic section of 
the unit was kept at a minimum by careful selection of 
low-drain tubes. 
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FIG. 
chassis shows location of 
electronic assembly at top 
behind controls. Motor is 
mounted 
drive-shafting mechanism 
beside vibrator power 
pack. 
motor is taken by storage 
batteries. Motor is removed 
in enlarged view above to 
show drive and ball-bear- 
ing shaft mountings. 





5—Rear view of 


directly below 


Space at left of 


Final answer to these related problems was a motor 
drive requiring only 4.5 watts, with tube filaments 
using 0.6 watts. With three 2-volt Willard 10 amp-hour 
cells, fully charged batteries will operate the recorder 
for over 6 hr before the battery voltage drops enough 
to affect motor performance. 

Speaker Problem. Location of the speaker was a 
continuing problem not finally settled until just about 
the last move. A location at the end or on the top was 
desirable for space utilization but management ob- 
jected to any speaker opening in the case. We then 
tried a speaker horn of molded glass fiber having two 
openings at the front and a small 2 x 3 in. driver 
unit located inside the chassis. This system was very 
efficient but had a low frequency cut-off of 330 eps 
because of space limitations and cone resonance. We 
finally settled on a 3/-in. cone with a 1.5-0z magnet 
mounted on the casting with a baffle board and a 
full length slot across the face of the unit for speaker 
vent. 

Weight Reduction. Original objective was not fully 
met but quite a bit of weight was taken out. One of 
the weight-saving steps was the use of a magnesium 
casting shown in Fig. 6 for the frame. The final weight 

is just under 20 lb. oOoa 


137 






























































Design 
Requirements of 
Relay 


Relay Steels 


Because relays generally operate 
intermittently or on direct current, 
heat effects due to eddy current 
losses in the magnetic structure 

are of little consequence. Hence 

core materials can be used in heavy 
gages or in bar form. Silicon irons 
in gages for which there are no AISI 
core loss specifications are referred 
to therefore as relay steels. 


Core Materials 


The crux of the relationship of desired magnetic 


characteristics of relay core materials to design factors lies 


in the air-gap ratio, considered here in some detail. 


J. P. Martin 
Magnetic Materials Section, Research Laboratories 
ALLEGHENY LuDLUM STEEL CORPORATION 


MAGNETIC RELAYS can be designed to operate satisfac- 
torily with any one of a wide variety of magnetic core 
materials. When the requirements of the relay are 
critical, however, the choice of materials is necessarily 
limited to a few grades or types. Like most other 
electrical components, a relay is usually designed to 
use a core material which is not only satisfactory for 
the intended purpose but which will result in a design 
which can be built at low cost. 

In general there are six main requirements for core 
materials used in high quality relays: 
High induction. 
High permeability. 
Low residual magnetism. 
Low coercive force. 
Non-aging. 
6. Good physical properties. 


SU CW DO = 


High Induction. Since the attractive force on the 
relay armature is proportional to the square of the 
magnetic induction, the core material must be able 
to develop a high induction in order to obtain a rapid 
and positive action. 

High Permeability. The ease with which the oper- 
ating induction is obtained is partly determined by 
the magnetic permeability of the material at that 
induction. With higher permeability, smaller and more 
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sensitive relays can be designed with less iron and 
less copper. The apparent permeability of the core is 
affected very markedly by the design of the relay. In 
many applications where sizable air gaps are present, 
for example, the benefits of high material permeability 
are not realized and use of such materials become 
uneconomical. 

Low Residual Magnetism. A low remanence mate- 
rial is desirable in order that the armature will not be 
held in the closed position by residual magnetism 
when the magnetizing current is reduced to a low 
value. Here again the apparent remanence is very 
sensitive to the core design and consequently, as will 
be demonstrated later, it is almost entirely dependent 
upon the coercive force. 

Low Coercive Force. A low coercive force material 
is desirable for many reasons, but mainly because it 
results in low apparent remanence and low hysteresis 
heat losses. 

Non-Aging. Aging, as used here, means a deteriora- 
tion of desirable magnetic characteristics of the mate- 
rial with time and temperature. It is due to the precipi- 
tation of small amounts of impurities which exceed 
their solid solubility at ambient temperatures. 

Good Physical Properties. The physical properties of 
the relay core material should be suitable for good 
machining, forming, bending, stamping, welding, 
plating and other fabricating processes. 

The first requirement can be met by common low- 
carbon iron or steel but these materials are notoriously 
subject to aging which results in lower permeability 
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FIG. 1—Effect of air-gap ratio on characteristic hysteresis loop of (left) Allegheney No. 2SS Relay Steel 
where H. = 0.65 oersteds and (right) Allegheney 4750 where H. = 0.075 oersteds. 


Properties of Magnetic Core Materials Suitable for Relay Applications 
High Saturation Materials 





D-C permeability at Coercive** Residual Saturation 
force induction B, B, 
Material* 5,000B 10,000B 12,500B 15,000B oersteds gausses gausses 
#2SS Relay 3,500 3,900 3,000 1,500 .75-1.0 7,000 20,500 
#2 Relay 4,000 4,000 ; 1,500 5- 9 7,200 20,500 
#5 Relay 6,000 5,500 4,500 1,900 .3- .6 6,700 19,500 
Transformer C 8, 6,500 3,900 500 .2- .5 7,600 18,400 
Silectron t 50,000 55,000 45 ,000 18,000 .05- .1 8,600 19,300 
AISI Type 416 1,000 1,300 700 150 3 8,400 16,500 
Ohmalloy AISI Type 406 1,450 850 208 50 2 5,000 15,500 
Nickel Iron Alloys 
D-C permeability at 
100 B 1,000 B 2,500 B 5,000B 10,000B 
Alloy 4750 5,000 16,000 30, 000 40 ,000 6,000 .06-.1 6,200 15,500 
Mumetal 15,000 48,000 60, 000 25,000 ae .01-.02 4,500 7,500 


* Allegheny Ludlum designations. 


**He and Br on Mumetai are from a peak B of 5000 gausses. Peak B for all other materials is 100,000 gausses. 


t Measured parallel to rolling direction. 


and higher coercive force. Relays made of this mate- 
rial will fail in time. For this reason non-aging silicon 
irons are generally used when a very large attractive 
force is needed. 

The available current for the magnetizing winding 
is usually limited to such a degree that full core 
saturation cannot be obtained. Under these operating 
conditions a larger attractive force may often be 
developed with a silicon iron alloy than with common 
iron of higher saturation because of the higher per- 
meability of the silicon iron at the operating density. 
Higher permeability also will allow the use of smaller 
magnetizing forces with subsequent savings in copper, 
core material and size. 

Effect of Air Gaps. Both of the above requirements 
and the requirement of low residual magnetism are 
dependent on the effective length of the air gap along 
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the magnetic path which divides the armature from 
the body of the electromagnet in the closed position. 
The air gap exerts a powerful demagnetizing force 
which lowers the attractive force and decreases the 
apparent permeability. The same demagnetizing force 
lowers the residual magnetism to a point which, for 
a given ratio of air-gap length to total length of 
magnetic path, is controlled by the coercive force. 
The requirement of low coercive force will allow the 
demagnetizing force of the air gap to lower the resid- 
ual magnetism or apparent remanence to very low 
values. 

From the preceding considerations it is evident that 
the most important feature of the relay core design 
is the air-gap ratio. As this ratio increases, in plotting 
the BH relationship of the magnetizing and demag- 
netizing characteristics. the curves are slanted over to 
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higher values of H for equivalent inductions. This 
modification can be calculated for any given air-gap 
ratio. Although a high ratio will always result in a 
low apparent remanence, which is desirable, it will also 
result in a much lower attractive force for a given 
magnetizing force due to the correspondingly lower 
induction. With a material of very low coercive force, 
however, a very slight air gap will still result in a 
large decrease in apparent remanence but in a much 
smaller decrease in attractive force for the same ap- 
plied magnetizing force. 

The effect of the coercive force H, on the apparent 
remanence can be evaluated quantitatively on a theo- 
retical basis by calculating the demagnetizing effect 
of the air gap. 

At any induction B during magnetization or demag- 
netization the corresponding magnetomotive forces 
for the core material and air-gap portions of the cir- 
cuit can be calculated separately and added to obtain 
the total. 

F, + Fy = F 
where the subscripts (m) and (a) refer to the core 
material and air gap respectively. 

In the following analysis, it will be assumed that 
the cross-sectional area of the air gap and core mate- 
rial are equal so that B will be the same in both por- 
tions of the magnetic circuit. Consequently it must 
be assumed that for all practical purposes the two 
portions of the circuit are joined in series. 

The magnetomotive force can be expressed as the 
product of the average magnetizing force per unit 
length of path H and the mean length of magnetic 
path L, so that 

HL, + HA. = HL 

In the cgs system the permeability of air is prac- 
tically unity so that H, = B. The value of H,, is ob- 
tained from the characteristic BH relationship of the 
core material, in this case considered to be the de- 
magnetization portion of the static hysteresis loop. 
This relationship is dependent on the peak induction, 
therefore the characteristic curve for the peak oper- 
ating induction must be used. 
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FIG. 2 (Left)—Maximum induction B;, 
and residual induction B, plotted against 
maximum field strength on_ hysteresis 
loop (equivalent to 
curves). Coercive 





magnetization 
force H. is plotted 
against maximum induction on another 
hysteresis loop. 


FIG. 3 (Opposite page)—Enlarged pole 
pieces used on the core structure of a 
direct current neutral relay. 





FIG. 4 (Above)—Cutaway section of the 
Robertshaw safety gas valve showing the 
horseshoe-shaped magnetic core and disk 
armature in the open position. By lap- 
ping the contacting surfaces of the disk 
and horseshoe to a fine finish, the air gap 
in the closed position is small enough 
to enable the 
in the 


generated 
hold 


the armature against the spring tension. 


small current 


thermocouple winding to 


In a practical design L, is an insignificant fraction of 
the total length and therefore L,, L L, can be 
considered equal to L. Then 

f= B + 8, > 2/6 
where L,,/L is the air-gap ratio referred to above. At 
any value of B other than zero, H, will equal B and will 
always be very much larger than H,, so that the de- 
sirability of a low air-gap ratio is quite evident. 

When the external magnetizing force is removed 
the core material will spontaneously demagnetize to 
the point where H is 0 on the characteristic curve. 
The residual induction B,, is maintained by the in- 
ternal magnetizing or coercive force H, of the core 
material so at this point the only available magnetizing 
force is H,. Then 

H, Hq, + HH, : L/L 


From this equation it can be seen that a portion of 
the internal magnetizing force H, must go to maintain 
the flux across the air gap. Consequently the remaining 
force H is insufficient to maintain the true induction 
B, and it will be reduced accordingly. The apparent 
remanence B’,. will drop in value until conditions in the 
equation 
Hye HH, + BB, - L/h 

are satisfied since the value of H, is now correctly 
given by the magnitude of B’,. 
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Even if H,, becomes so low that it is negligible, the 
value of B’, cannot exceed H, - L/L, and we see that 
the apparent remanence is dependent mainly on the 
coercive force and air-gap ratio. 

In Fig. 1 the slanting effect of several air-gap ratios 
is shown on the characteristic hysteresis loop of two 
core materials having almost the same remanence but 
with a different value of H.. 

The coercive force for most magnetic materials will 
increase as the peak induction increases up to satura- 
tion. This increase, however, is not constant and the 
increments are smaller with peak inductions above 
the knee of the magnetization curve. The residual in- 
duction varies in a similar manner so that the differ- 
ence between B, and B,,., increases as the latter in- 
creases as shown in Fig. 2. There is, therefore, one 
other advantage in high operating inductions besides 
a large attractive force, namely, a greater differential 
between the residual and operating inductions. 


Effect of Pole Shape. The effect of the air-gap ratio 
on the amount of external magnetizing force required 
to develop a given induction was calculated above for 
a core structure in which the flux density in the air 

gap was the same as in the core material. By increasing 
the area of the armature poles, the flux density in the 
air gap can be materially reduced. This will effect a 
proportionate decrease in the magnetizing force re- 
quired in the air gap and hence in the total magnetiz- 
ing force. Many ingenious methods of increasing the 
area of the poles have been developed by relay manu- 
facturers that have resulted in great savings in the 
overall cost of the relay. Much of the art in the design 
of relays is associated with the relative size and shape 
of the armature poles and the amenability of the core 
material to the fabricating processes required to ob- 
tain the desired pole configuration. One such example 
is in Fig. 3 which pictures a d-c neutral relay with 
enlarged pole pieces on the armature. 

The characteristic properties of some relay magnetic 
materials are tabulated. Since the actual measured 
values will be affected by the thickness and form of 
the sample (i.e. rods, bars, sheets, rings), a certain 
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amount of variation in the measurements may be ex- 
pected beyond those due to material quality. 

In order to develop the best properties in the core 
material it is usually necessary to anneal the parts 
after fabrication. This is particularly true for the 
nickel-iron alloys or for any material in which there 
has been considerable cold working. In general, better 
properties are realized with higher annealing tempera- 
tures and controlled atmospheres to prevent surface 
scaling or carburization. Very high temperature an- 
neals however, become quite costly and require an 
inert separating medium to prevent pressure welding 
of the parts during the anneal. For this reason only the 
more expensive materials such as the nickel-iron alloys 
are so treated. Nickel irons should be annealed above 
1100 C. Silicon iron is usually annealed in the range 
of 700-1000 C and cooled slowly in the furnace. 

The choice of the proper core material depends on 
the requirements of the relay. Materials having the 
better magnetic properties in a given range are usually 
much more costly and should only be used in designs 
capable of developing the inherent characteristics of 
the material. Silectron, for instance, should be used 
only in designs in which the magnetic flux travels par- 
allel to the rolling direction through most of the 
magnetic circuit since this material is anisotropic and 
has much poorer properties in other directions. Even 
when this condition is met the advantages of the 
superior properties in the rolling direction will not 
be realized if large air gaps are in the design. 

Air gaps can be reduced only by design and manu- 
facturing techniques. An example is presented in Fig. 
4 of a solenoid valve that operates on the minute 
current generated in a thermocouple by the heat of a 
gas pilot light. To attain the degree of flatness and 
smoothness necessary to obtain the correct amount of 
air gap for proper operation, the pole faces are 
ground and lapped to within 12 millionths of an inch 
in flatness. Using one of the high permeability nickel- 
iron alloys for the core, the attractive force produced 
by this small current is sufficient to check a spring- 
operated valve without any current amplification. 

ooo 
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FIG. 1—Life-load relationship in 
sleeve bearings. 


Application 


Factors 


Sleeve bearings are now capable of carrying heavier 


loads at higher speeds and higher temperatures for longer 


periods of time than they ever have before. This article defines 


the demands put upon present day bearings and shows how the 


thinwall insert bearing has met them successfully. 


R. H. Josephson, Senior Product Engineer 
THE CLEVELAND GRAPHITE BRONZE Co. 


REQUIREMENTS which bearing materials should meet 
are as follows: 

1. Resistance to fatigue. 

2. Good surface action. 

3. Conformability. 

4. Embeddability. 

5. Corrosion resistance. 

Resistance to fatigue is considered a direct measure 
of bearing life although the endurance limit or fatigue 
resistance of a bearing material is not easily or well 
defined because various factors influence this limit, 
such as load, temperature, misalignment, distortion, 
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dirt, oil flow and clearance. The effect of load on 
bearing life can perhaps best be illustrated by typical 
endurance curve, Fig. 1, showing load plotted against 
life. Bearing life will be low with a high load and in- 
crease greatly with reduced load. 

Good surface action property so necessary in a bear- 
ing alloy comprises: low friction property, non-scoring 
property, non-welding property and good wettability. 
If journals or shafts always ran on an oil film, there 
would never be metal-to-metal contact with the bear- 
ing surface, and therefore any material, even steel, 
would work satisfactorily as a bearing material. Un- 
fortunately, however, under starting and stopping con- 
ditions, the oil film may not always be uniformly 
established and metal-to-metal contact may exist. 

Conformability of a bearing material is its readi- 
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ness to adjust itself to “off conditions” of assembly. 
In many applications, bearings support shafts that 
deflect under the imposed load and such conditions 
cause heavy bearing pressures at the ends of the bear- 
ing, often leading to the rupture of the oil film. Such 
a condition may cause scoring and seizure in the end 
areas and ultimately complete failure. If a bearing 
material has the ability to yield sufficiently to take 
care of off conditions such as misalignment, 
trouble may be minimized. 

Embeddability of a bearing material is its readi- 
ness to embed or absorb dirt and metallic chips, which 
cannot always be prevented from entering a bearing. 
When foreign particles are embedded bearing 
lining, grooving and wear of both bearing and journal 
will result, but this is preferrable to seizure. 

Corrosion resistance is the ability of the various 
metals to resist chemical reaction with the lubricant 
regardless of the impurities present. There are three 
common types of bearing corrosion, namely: high 
temperature corrosion, low temperature corrosion and 
sulfur corrosion. These are a result of many chemical 
properties of the metals or lubricant, such as deteriora- 
tion products of the lubricant, operating temperature, 
passivation of bearing surfaces and in the case of 
internal combustion engines, the type of fuel. 

Bearing structure has much to do with load-carry- 
ing capacity and interrelated bearing life. If the bear- 
ing material is a thick layer cast into the housing and 
held in place by dovetails the bearing will carry less 
load than the modern thinwall insert. The latter con- 
sists of a steel shell upon which is bonded a very thin 
layer of bearing material. The lining thickness of a 
normal babbitt bearing is approximately 0.020 to 
0.030 in. by reducing the thickness of 0.002 to 0.004 
in., for example, it was found that the bearing life and 
load-carrying capacity was greatly increased. As in- 
dicated in Fig. 2, under a heavy unit load, an increase 
of bearing life from 50 to 250 hours is realized when 
the babbitt thickness is reduced to about 0.002 in. 


serious 


APRIL 1954 


FIG. 2—Bearing life vs babbitt thickness in a thinwall 
sleeve bearing under a maximum unit load of 1336 psi. 
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FIG. 3—Microstructures of two forms of trimetal 
bearings. (F-88, above, F-77, below). 


The thickness of the steel shell is such that it can 
be pressed into the housing with sufficient force to pre- 
vent movement when it is in place. 


Bearing Materials 


Babbitt Alloys. The various tin- and lead-base bab- 
bitt alloys developed over a number of years perform 
successfully in a variety of different applications and 
may be used inte ‘rchangeably to a great extent. Table 
I shows the allows used as bearing materials and 
the approximate order of their usage. The tin-base 
babbits are all similar in composition, varying only 
three or four points from each other. The lead-base 
babbitts vary somewhat more in their composition 
but through usage all have been found to be practical. 
These babbitt alloys generally lend themselves to the 
economical and high production method of strip cast- 
ing as well as to the centrifugal method of casting. 

The matter of choice of the babbitt alloys seems to 
be one of preference. Automobile and truck engine 
designers, for example, generally prefer tin-base alloy 
SAE 12 and lead-base alloy SAE 14 or 15, while the 
aircraft engine manufacturers seem to favor SAE 11. 
For applications such as electric motors, tin-base mate- 
rials are preferred due to their good operating char- 
acteristics under conditions of poor shaft finish, mis- 
alignment, unidirectional loading and questionable 
lubrication. 

The lead- and tin-base alloys conform better to 
shaft irregularities and absorb or embed abrasive for- 
eign material much more satisfactorily than the cop- 
per-lead alloys. However, their fatigue resistance is 
low, preventing their use in applications where heavy 
loads are often repeated. 


Copper-Lead Alloys. One of the best load-carrying 
materials is the copper-lead material (Clevite) which 
is basically a two-component system with the copper 
predominating. The copper dispersion which is firmly 
bonded onto the steel back gives this bearing the 
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Table I—Commonly Used Babbitt Bearing Alloys Listed in Order of Usage 


Tin-base babbitt 


Designation Nominal composition —per cent 
C. G.B. S. A. E. Tin Antimony Copper ‘Lead 
F-] 12 89 7% 3% 
F-38 11 87 7 6 
F-37 10 91 1%, 114 
Isaac babbitt 89 9 9 





Designation Nominal composition— per cent 
C. G. B. S. A. E. aa Tin Antimony Cc opper Lead 
F-23 15 | l 15 — 83 
F-11 14 10 15 4 74 
F-99 13 | 6 10 = 84 


Melting 
point 

Arsenic (Liquidus) 
608 F 
698 F 
700 F 


Melting 
— point 
Arsenic (L Aquidus) | 
542 F 
514 F 
480 F 


= 
ton 


Table II—Descending Order of Value of Various Bearing Materials on Three Counts 


Bearing quality 
Lead- ae babbitt 
‘Tin-base babbitt 
Lead-tin plate 
Cadmium 


Copper lead (Clevite 35) \ 


Copper lead (Clevite 77) 
Silver 
Leaded bronze 


(Nominal thickness of bearing surface layer, 0.020 in.) 


Fatigue resistance 


Silver 

Copper lead (Clevite 77) 
Leaded bronze 

Copper lead (Clevite 35) 
Cadmium 

Lead-base babbitt 
Tin-base babbitt 
Lead-tin plate 


Corrosion resistance 
Silver 
Tin-base babbitt | 
Lead-base 
Lead-tin plate 
Copper lead (Clevite 77) 
Leaded bronze 
Copper lead (Clevite 35) 





needed load-carrying capacity while the lead metal 
interposed throughout the copper matrix provides the 
good anti-frictional properties. The copper-lead alloys 
are more restricted and cannot be used interchange- 
ably as are the babbitts. In applications where shock 
and heavy loading may result in fatigue of babbitt 
bearings, copper-lead alloys should be used. 


Trimetal Bearings. The advantages of the high load- 
carrying capacity and good running surfaces of the 
copper leads are partially offset by the less embedd- 
ability and resistance to scoring. They are also less 
corrosion resistant than are the babbitt materials. 
These disadvantages have been reduced by plating a 
thin layer of soft metal on the copper lead which 
produces a trimetal bearing as shown in Fig. 3. Cast or 
plated, this overlay produces a greater fatigue resist- 
ance plus a better run-in surface than the bare copper 
lead. 

There are also a large number of bearing bronzes in 
use, including copper-tin alloys associated with alumi- 
num, manganese, and phosphorus. Another group, 
powdered metal bearings, consist of about 88 per cent 
copper, 10 per cent tin and 2 per cent graphite. For 
extreme conditions, cadmium-base babbits and pure 
silver have been used. A discussion of the relative 
merits of these materials is outside this article. 
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Endurance and Life 


The question arises as to what material should be 
used in a particular application. Any comparison be- 
tween alloys should be made along the lines of their 
prospective bearing properties. A bearing material 
may have to withstand a variety of imposed condi- 
tions and the relative importance of its properties as a 
bearing material will change from one application to 
another. 

A tabulation of the relative merits of the various 
bearing materials is shown in Table Il. The babbitt 
alloys seem to be preferred with regard to good sur- 
face action. In the center column note that the silver 
and the copper-lead alloys have better fatigue life 
than do the conventional babbitts; in the third column 
the first two or three alloys listed are seen to have 
better corrosion resistance than copper lead. 

The relative load-carrying capacity of various bear- 
ing materials is graphed in Fig. 4. Of special interest 
is the improved load-carrying capacity of micro or 
thin babbitt over the tin-base and lead-base babbitt 
of conventional thickness. 


Temperature has a devastating effect on bearing life 
and bearing performance that cannot be emphasized 
too strongly. The desirability of having a cool running 
bearing is illustrated by Fig. 5. A relative ly small de- 
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1 on F-27 leaded bronze 


(circular shapes only) 
(F-21 plus F-21 silver plate with 
overlay) 0.001 Pb-in overlay 


s Trimetal 0.001 Pb-Sn-Cu 
(F-77) on S-77 copper lead 


0 1000 2000 3000 4000 5000 6000 7000 8000 
"Maximum unit loading, psi- for 100 hr fatigue life 


’ FIG. 5 (Below) —Tem- 
perature vs fatigue life 
of a tin-base babbitt 


bearing at a unit load 
of 2000 psi. 


Brinell hardness 





65 tad 200 220 240 260 280 300 320 
Beoring temperature, deg F 


crease in temperature often can result in a very sub- 
stantial increase in bearing life. 

Temperature also has its effect on babbitt hardness 
and compressive strength as shown in Fig. 6. The 
hardness of tin-base babbitt for example is decreased 
from 25 Brinell at 75 F to about 8 Brinell when the 
temperature reaches 300 F. Similarly the compressive 
strength decreases from 14,000 psi at 75 to about 
2500 psi at 300 F. 


Load Calculations 


Bearing loads in motor applications and driven 
equipment are often of an indeterminate nature and 
usually vary considerably for the same size applica- 
tion, depending upon the mounting conditions. Com- 
pared to internal combustion engine bearings, the 
load is relatively light and results from the following 
three main factors: 

1. Weight of parts. 
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2. Reaction from the delivery of torque through 


gears, chains, and belts. 

3. Vibration and unbalance. 

When reciprocating motion is encountered as in 
the case of piston-type compressors and pumps, the 
bearing loads are determined mainly from the vector 
sum of the gas and inertia forces. The three factors 
listed above have a very small effect on these loads 
unless they become excessive. When the cylinder bore, 
stroke and gas forces are known the gas loads are 
easily determined. The inertia loads can be calculated 
from the speed and the weight of the component parts 
from the following formula: 


Inertia load = 28.4 x 10—® W,rn? 


(cos 6r/L cos 2 6 + 28.4 x 10—® Worn? 
Where 


W, = Reciprocating weight, |b 
W. = Rotating weight, lb. 
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FIG. 7—Compressor connecting rod bearing load diagram on which resultant gas and inertia forces are plotted. 
FIG. 8—Resultant gas and inertia loads on the main bearing of a 5-cylinder radial compressor. 


r = Crank radius, in. 
L = Connecting rod center-to-center distance, in. 
n = Speed, rpm 


A typical rod bearing load diagram for a compressor 
is shown in Fig. 7. The gas and inertia loads were 
added vectorily and plotted for every 30 deg of crank 
angle. Fig. 8 is the plot of the loading on a main 
bearing of a hermetic compressor and shows the in- 
herent multidirectional loading pattern. In most re- 
ciprocating motion machinery the load is carried 
over the entire bearing surface whereas in motors 
and equipment which is belt or gear driven, it is 
possible for the load to occur in one direction. 

The load-carrying capacity of an oil film is the 
limiting factor in applications where multidirectional 
loading is encountered. If the bearing is loaded in a 
downward direction it is less critical than when it is 
loaded in an upward direction toward the window of 
the bearing. The length-to-diameter ratio is smaller 
at that point and therefore the oil film thickness will 
be smaller. If this condition occurs, sufficient bearing 
area should be designed to supply an adequate oil 
film thickness to carry the load. 

In electric motor bearings as currently designed, 
the unit pressures vary from approximately 70 to 150 
psi. These relatively light loads are one of the fac- 
tors which promote the long life of motor bearings. 
Speed is not a limiting factor in bearing applications 
when proper lubrication is supplied. Speeds of 900 
to 3600 rpm are considered to be in the safe operating 
range for most fractional and_ integral-horsepower 
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motors with shafts up to 5 in. in diameter. Speeds 
as high as 50,000 rpm are being accommodated in 
superchargers when a proper oil grooving design is 
provided. At these high speeds tin-base babbitts are 
usually preferred. To offset shaft whip at these speeds, 
special axial grooving is employed which increases 
the oil flow tremendously and imparts the necessary 
stability. 

Although shaft speed is not a limiting factor, it does 
have a direct effect on temperature rise and this in 
turn affects the life of the bearings. As the shaft speed 
increases the temperature increases as a result of 
friction between the oil molecules by the shearing of 
the oil film. To keep the increase in temperature to 
practical values requires an increase of oil flow 
through the bearing, obtained either by opening up 
of clearances or special grooving. A temperature rise 
of approximately 60 F is considered a safe figure for 
satisfactory operation. 


Lubrication Problems 


A definite relation exists between load, speed, bear- 
ing clearance, viscosity of the lubricant and the point 
of oil entry. With effective lubrication a full fluid 
film is maintained, resulting in the lowest rate of 
wear and the coolest operation. 

In any fluid film bearing hydro-dynamic pressure 
is depended upon to support the load. The shaft floats 
on this highly elastic oil film, and as long as the film 
is maintained, the bearing and shaft are well pro- 
tected. The maximum load a bearing can carry is de- 
termined by this film which in turn is determined by 
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the physical dimensions of the bearing, the speed of 
operation, and the effective film viscosity of the 
lubricant. 

As the load is increased a condition will be reached 
where a complete film cannot be maintained. This 
condition is known as boundary lubrication, and at 
this point other factors come into play, such as sur- 
face finish and the physical and chemical properties 
of the metals and lubricant. The bearing designer 
attempts to evaluate these variables in a given appli- 
cation to assure an adequate safety factor and to 
obtain satisfactory bearing life. 

To supply the oil necessary for adequate mainte- 
nance of the hydrodynamic film the following methods 
of oil supply are used, listed in order of the quantity 
of oil they supply: ring, wick splash and pressure. 

Ring oiling supplies continuous lubrication to the 
bearing from the start of operation. However, a careful 
design is necessary to insure proper utilization of the 
oil. The ring must be of such a design as to supply 
as much oil as the bearing can take. Any oil in excess 
of that amount may aid in carrying away heat by 
running down the sides of the housing. Press fit bear- 
ings of relatively thin walls are most advantageous 
with ring-oiled bearings because of their better heat 
dissipation to the housing, a necessity with this type 
of oil feed. 

The limiting factor for ring oiling is the speed at 
which the ring churns and splashes in the oil rather 
than rotates with a smooth motion. For this reason 
ring oiling is used only for low and moderate speed 
operations. For motor bearings this type of oiling also 
requires good sealing to prevent oil leaking through to 
soak the insulation and coils, thereby creating a fire 
hazard. In addition the motor must be mounted with 
the shaft horizontal. 

The ring oiler stands hard service but it can be- 
come inoperative if contaminated or unsuitable oil 
restricts the turning of the ring on the shaft. Further- 
more, foreign matter may accumulate at the oil ring 
window and starve the bearing. 

Wick or waste packing gives positive lubrication at 
all times and under all conditions even at extremely 


low temperatures but the quantity of oil is limited 
by the capillary action of the packing. To insure the 
capillary action, wick or waste packing must always be 
in contact with the shaft. Under heavier load applica- 
tions this method of lubrication keeps bearing wear 
and temperature to low values. 

With this type of oil supply, the lubricant is com- 
pletely filtered, there is no tendency of oil bubbling 
and splashing, and no possibility of clogging up oil 
returns to the well. Furthermore, the danger of in- 
sufficient lubricant due to leaks from an oil well is 
largely eliminated. In the example of smaller motors 
the material itself will hold sufficient oil to lubricate 
the bearings for at least one year of continuous opera- 
tion, assuming there is no leakage. 

The advantages of wick oiling over ring oiling is 
that it reduces the size of oil reservoir, furnishes 
cleaner oil, and for motors makes possible mounting 
in any position. However, should water enter the oil 
reservoir the waste will become water soaked, making 
it less able to hold and deliver oil to the shaft surface. 

With this method of oiling the size of the window 
in the bearing should be wide enough to accommodate 
the width of wick or waste pack needed to supply the 
lubricant and long enough to allow the wick to be on 
the shaft without interference. To simplify grooving, 
it is desirable to place the window in the center. 
Typical grooving designs are shown in Fig. 9. 

Splash or dip feed is used primarily in reciprocating 
applications where the connecting rod has a scoop 
which picks up oil and forces it into the bearing 
clearance or where the rod runs almost completely 
submerged in oil. This type of oiling is mainly used 
in moderate speed internal-combustion engines and 
machines which use a medium bodied oil. 

Pressure Feeding. As speed and shaft sizes increase, 
a range of operation is arrived at where the rate of 
heat generation is sufficiently high that neither ring, 
wick, nor splash feed oiling will supply the quantity 
of oil necessary. Here, a pressure fed system must be 
adopted. There is no well defined point where this 
occurs, but it should be pointed out that the friction 
loss increases as the square of the speed and the cube 


Hermetic Compressor Bearing Problem 


TYPICAL OF PROBLEMS encountered by other, and when 


sleeve bearing engineers is one of started up, the 





the compressor is made possible almost immediately 


pressure dropped following the start of the compessor. 
premature bearing failure in hermet?- rapidly. This rapid drop in pressure 


Freon gas is corrosive in nature. 


cally sealed refrigerating compressors. turned the Freon to gas, causing the Water in the oil reacts with the 
In this instance the appearance of the oil to foam. No oil was pumped to chlorine or fluorine to form an acid 
bearings indicated that excessive heat the bearings until the oil had been which will dissolve the copper of the 


was encountered due probably to  degasified. 
lack of lubrication although there 


evaporator, condenser and piping. The 


This problem was solved by making copper salts will coat the steel shaft 


was sufficient oil in the crankease. the suction annulus separate from the with soft copper and cause pickup of 
Investigation showed that over a pe-  crankease and connecting the two the babbitt' bearings. Tin-base bab- 
riod of time a somewhat large quan- with a small hole above the oil line — bitt was found to be most satisfactory 


tity of Freon gas had been absorbed’ in the’ crankcase. 


Rapid pressure under the Joads and corrosive condi- 
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G. 9—Developed views of typical oil groove 
patterns for sleeve bearings. 





of the shaft size and that temperature rise varies 
directly with friction loss. When employed in motor 
bearings, this method of oiling usually has an external 
sump and filter with a result that the bearing housing 
size is greatly reduced. The initial cost of the system 
is high and this factor outweights its other advantages 
in applications where speed and shaft size are not suf- 
ficient to necessitate its use. 


Grooving and Clearance Design 


Grooving is of prime importance in sleeve bearing 
design since all of the oil the bearing can take is 
supplied at one point. Grooving aids in distributing 
the oil to the areas needed in the shortest possible 
time. When the load can occur in the direction of the 
oil hole the proper placement of spreader and dis- 
tributing grooves and the blending of these grooves 
is very essential. When the load is mainly in the oppo- 
site direction the grooving is less critical. 

Where a ring or wick element delivers oil to the top 
of the rotor but cannot circulate a film through the 
bearing clearance, wedge action plus pumping by the 
oil grooves completes the cycle. Where reversal of 
rotation is encountered, symmetrical oil grooving on 
either side of the oil hole or window is needed. 

Grooving must not only serve to distribute oil 
lengthwise along the bearing, but it must also aid in 
collecting and flushing out any abrasive foreign mat- 
ter which might gain entry. Well designed grooving 
also aids in preventing excessive oil leakage at the 
ends of the bearings. Oil leakage with subsequent in- 
crease in temperature can often be regarded as an 
indication of faulty grooving adjacent to the high pres- 
sure area or to excessive wear due to faulty grooving. 
It is generally agreed that no motor sleeve bearing 
should have axial grooving within 15 deg either way 
of the point of maximum load. 

Since the minimum film thickness is determined at 
the point of maximum pressure and the wear rate 
increases with decreasing film thickness, the mainte- 
nance of as large a film thickness as possible increases 
the bearing life. Bearing clearances are a factor here. 
Normal clearance recommendations are 0.002 in. per 
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inch of shaft diameter. This somewhat high figure is 
due primarily to problems of alignment and machining 
tolerances. By improving both of these, lower clear- 
ances can be satisfactorily accommodated. Grooving 
and clearances are of prime importance with ring and 
wick oiling since all the oil that is supplied must be 
fed through the bearing rather than allowed to ac- 
cumulate at the top of the housing. 


Application Problems 


Probably the largest problem with sleeve bearings 
in motors and driven equipment is dirt and foreign 
materials. The excellent embeddability of babbitt 
material is responsible for the satisfactory bearing 
performance under dirty conditions. With motor bear- 
ings, windage causes abrasive dust to be pulled 
through both the bearings and ventilating apertures. 
Windage also presents an additional problem when 
oil spray is developed when the oil level is too high 
or the overflow is not large enough. Windage may 
carry this oil spray through to soak the coils. On ap- 
plications where these dangers exist the use of baf- 
les, throwers, or labyrinth packing to prevent the 
circulation of air cannot be overemphasized. Where 
ring-type oiling is employed the oil reservoir must be 
large enough to permit foreign matte. end sediment 
to settle. The lighter the oil the more readily this can 
be accomplished. 

With wick or waste pack oiling the big problem is 
contaminants which reduce the capillary action of the 
material, such as dirt, dust, foreign material or water. 
Water is the most objectionable because of its tend- 
ency to emulsify with the impurities present, thus 
glazing the waste or wicking. 

In engine-driven generators under certain design and 
operating conditions, stray electrical currents some- 
times give bearing trouble. Early failures were diag- 
nosed as fatigue failures and usually occurred in the 
generator bearings where loads should be such that 
fatigue would not develop. As additional failures 
were analyzed the repetition of the pattern of failure 
and location eventually led to the conclusion that 
some condition other than loading was responsible. 
Stray currents were the only logical suspect. Collector 
rings were added to each side of the generator and 
the brushes were grounded. This eliminated the stray 
currents and bearing failures due to this cause. 

Split sleeve bearings are especially practical in large 
electrical equipment for it is possible to remove the 
armature without disturbing the other half of the bear- 
ing assembly when repair work is necessary. Where 
two rotors are mounted on one shaft with a bearing 
between, a split sleeve bearing is the only solution. 
Split sleeve bearings have a further advantage be- 
cause of their relatively thin wall which gives better 
heat dissipation. 

Although the methods used in designing bearings 
are fundamental, many manufacturers do not have 
engineers capable of answering all problems of bear- 
ing design. Therefore, unless the bearing is of the 
simplest design with a more than adequate safety 
factor, the engineering department of the bearing 
manufacturer should be contacted. oo0 


For a bibliography on Bearings and Lubrication, see page 372. 
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Shaded-Pole Motors 


For Fans in Air Conditioners 


R. W. Morgan, Director of Engineering® 


FEDDERS-QUIGAN CorporATION, Buffalo 


THE MajoRITY of room air condition- 
ers employ shaded-pole motors to 
drive the evaporator and condenser 
fans. Both fans may be powered by a 
single motor, as in the air conditioner 
chassis shown in Fig. 1, or a separate 
motor may be used for each. The pre- 
dominance of the shaded-pole motor 
in this application is brought about 
by these advantag’s: low cost; simple 
construction; reliable operation, be- 
cause of the absence of commutator, 
brushes, centrifugal switch, collector 
rings, governor or other type of con- 
tact-making device; indefinite opera- 
tion with stalled rotor without harm; 
and availability of tapped windings for 
multi-speed operation. 

Some disadvantages exist also. 
These are: low efficiency; variations in 
performance characteristics because of 
manufacturing tolerances; high bear- 
ing temperatures with attendant lu- 
brication and life problems; low power 
factor; poor two-speed operation be- 
cause of instability and sensitivity to 
voltage fluctuations; and a require- 
* This article is abstracted from Mr. Morgan’s pa- 
per “Application of Shaded-Pole Motors to Room 
Air Conditioners’’ presented at the AIEE Conference 


on the Application of Motors to Air-Moving Equip- 
ment at Fort Wayne, Ind., Oct. 6-8, 1953. 


ment that the motor be installed so 
that air is drawn over it. 

The designer of air conditioners is 
faced with the problem of selecting 
the proper shaded-pole motor from a 
great variety of types offered by motor 
manufacturers. Some factors influenc- 
ing his decision are the electrical char- 
acteristics as revealed by performance 
curves; noise levels; built-in overload 
protection; motor speeds available; 
type of wiring connections provided; 
bearing construction; number of poles 
and type of winding insulation. 

Another motor characteristic that 
requires evaluation by the designer is 
motor life. At the present state of the 
art, this a difficult thing to do. There 
are many reasons why the air condi- 
tioner application is more severe than 
the forced-draft refrigerator or home 
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freezer application. In the air condi- 
tioner, the fan motor runs continu- 
ously and does not cycle, particularly 
in hot weather in ambient tempera- 
tures as high as 135 F. Not only is 
temperature high, but the air is 
usually saturated with moisture from 
the action of the slinger ring. Also, 
due to the commonly used 6-pole de- 
sign, the speed is lower and the 
ventilation over the motor is poorer. 
Because of the compact design, ven- 
tilation of the motor is impaired. 
Furthermore, the motors are loaded 
up to the maximum in the interest of 
low cost and physical size. All of these 
factors, plus the addition of the rubber 
fan hub which impairs heat dissipation 
from the bearings, result in high bear- 
ing temperatures leading to short life. 


(Continued on page 354) 


Fig. 1—Single shaded- 
pole motor drives the 
(fore- 


ground) for the evapo- 


blower-type fan 


rator and the propeller 
fan for the condenser 
of this portable air cen- 
ditioner. 
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Fig. 3—Bearing lubrication can be improved by 
addition of feed felt for bearing oil. But heat 
dissipation is retarded even further. 


used in a stamped motor end bell. Heat flow from 
bearing to end bell is difficult. 
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Automation Applied to TV Tube Sputtering 


VIRTUALLY automatic production of 
the vacuum-metallized coating on the 
inner surface of television picture 
tubes can be achieved with a new 
self-contained unit with an integral 
vacuum pumping system. Developed 
by the F. J. Stokes Machine Com- 
pany, Philadelphia, in collaboration 
with several TV tube manufacturers, 
the new unit, Fig. 1, can be used in 
multiple-unit batteries for continuous 
production on a large scale or in single 
units. 

Chief design feature of the new 
Stokes “package” metallizer is its com- 
pletely automatic control over all 
stages of the cycle. This is achieved 
by means of a standard sequence-type 
electrical timer, Fig. 2. Settings are 
adjustable to 10-sec intervals over a 


Fig. 1—Pressing the start button initiates the automatic 
cycle of the Stokes TV tube vacuum-metallizer which 
coats the inside face with aluminum. 
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10-min cycle. All of the operations— 
closing and opening of the solenoid 
valves, starting and stopping of the 
two vacuum pumps, and switching on 
and off of the vaporizing current- 
are controlled by this timer. One op- 
erator can therefore easily supervise 
the operation of as many as 10 of 
these units in addition to loading and 
unloading of tubes. 

Metallizing is accomplished — by 
“flashing” or “sputtering” aluminum 


and depositing it as condensed vapor 


on the phosphor coating previously 
placed on the inside of the tube face. 
Several short bent strips of aluminum 
ribbon are hung on stranded tungsten 
filaments suspended between elec- 
trodes, Fig. 3, that extend through the 
neck of the tube. Energized in a 


vacuum, the filament quickly vapor- 
izes the aluminum. Location of the 
metal source within the TV tube has 
been carefully determined to provide 
uniform coverage by the metal film. 
The duration of the flash is controlled 
by a separate micrometer adjustment 
on the timer, calibrated in seconds. 
Power supply to the filament comes 
from a stepdown transformer and rhe- 
ostat, which converts the normal 115- 
volt a-c supply to low voltage, adjust 
able from 0 to 17 volts. 

The rotary mechanical vacuum 
pump which does the rough evacua 
tion and backs up the diffusion pump 
during the fine evacuation is a 10-cfm 
unit. The oil diffusion pump is a 4-in. 
water-cooled unit, with a speed of 350 
liters sec at 10 4 mm pressure. 





Fig. 2—Cycle is governed by standard sequence-type elec- 
trical timer, which includes micrometer adjustment for 


timing flashing phase. 
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After the uncoated tube is inserted, 
neck down, into the unit by an auto- 


matic lowering device, the operator 


pushes one button to start the timer. 
The rough pumping stage automati- 
cally begins. A vacuum valve opens 
between the evacuation chamber and 
the rotary mechanical vacuum pump 
which is running continuously. The 
pressure in the tube is reduced to 
about 200 microns in approximately 
242 min. After this pre-set time, the 
oil diffusion vacuum pump is cut in 
automatically and reduces the pres- 
sure within the tube for metallizing. 
This pressure is reached within 4 or 
5 min., and is governed by timing. 
At the appropriate pre-set time, the 
timer trips a switch which sends a 
pulse of high-amperage current (about 
25 amps) through the tungsten fila- 
ment. After flashing the filaments, the 
electrical timer closes all the vacuum 
valves and breaks the vacuum in the 
chamber and tube, which is thus re- 
leased. The automatic lowering device 


then lifts the tube clear of the fila- 
ment, and indicates to the operator 
that the tube is ready for replacement. 
Another uncoated tube is then low- 
ered into place. Average length of one 
cycle is about 8 min—or better than 
7 tubes per hr. 

Advantages of metallizing the inner 
surfaces of TV picture tubes are by 
now well recognized. A much brighter 
picture can be obtained by applying 
a reflective surface behind the coating 
of luminescent phosphors which glow 
when bombarded by the stream of 
electrons from the “gun” of the tube. 
This luminescence, however, is emit- 
ted in both directions from the screen. 
The mirror coating reflects the light 
emitted away from the viewer and 
thus produces a picture with as much 
as 80 per cent increase in brilliance. 

With increase in tube size the volt- 
age required to excite the phosphors 
has steadily increased. This high volt- 
age tends to burn out the phosphor 
coating and shorten the life of the 
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Fig. 3—Aluminum ribbon being placed 
in stranded tungsten filaments to be 
vaporized in a vacuum. 


tube. By metallizing the rear of the 
phosphor screen, lower voltage can be 
used to excite the screen; the phos- 


phors last longer. ooo 


Miniature Ball Bearings in Sensitive Relay 


ANTI-FRICTION MOUNTS for shafts in 
partial rotation applications require 
exceptional qualities of strength and 
wear resistance if sensitivity and con- 
sistency of operation are desired. 
These qualities are particularly crit- 
ical where oscillating shafts are de- 
signed into miniature equipment, such 
as the miniature electrical relays man- 
ufactured by Sigma Instruments Inc., 
Boston. 

Originally, the oscillating armature 
of the polarized relay was mounted 
on straight pins that rocked through 
a 6-deg arc in holes in the side plates. 
Friction at the pivot points caused 
inconsistent operation of the relay. 


RELAY SIDE FRAME-{4 ROLLED EDGE 
j 
j 
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Sketch of bearing mount in set screw. 


Changes in operating temperature or 
instrument position affected relay per- 
formance. Looseness caused by wear 
reduced the relay’s efficiency. 
Recently it was required that the 
sensitivity of these products be in- 
creased and the accuracy and main- 
tenance of adjustments improved to 
meet increasing demands for preci- 
sion electrical controls. These require- 
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Miniature ball bearing for rocker shaft of miniature polarized relay. 


ments were fulfilled by mounting each 
end of the armature pivot shaft in a 
miniature angular-contact ball bear- 
ing. 

The bearings, which are of a stand- 
ard type manufactured by Miniature 
Precision Bearings, Inc. of Keene, 
N. H., are pushed into a 0.126-in. 
hole in the end of a No. 10-64 slotted 
head set screw. After the bearing is 


seated, the rim around the hole is 
rolled in to lock the bearings in place. 
Mounting in the set screws is done by 
the bearing manufacturer. As_indi- 
cated in the sketch the bearing- 
equipped set screws turn into the relay 
frame plates and after adjustment are 
secured in place by locknuts. 

In addition to improving the per- 
formance of the relay, the new mount- 


151 








DESIGN TRENDS 





ing technique permits more accurate 
alignment of the armature. By turning 
the set screws, the armature can be 


easily shifted to align opposing con- 
tacts in the relay. 
Each bearing consists of six 0.0312- 


in. diam stainless steel balls in a cy- 
lindrica] stainless steel race. The set 
screws are 10-per cent nickel silver. 


Dictating Machine Uses Magnetic Belt 


AN ENDLESS MAGNETIC BELT is used 
as the recording medium in the new 
dictation machine designed by Peirce 
Dictation Systems, Incorporated of 
Chicago 31, Ill. The new magnetic 
dictation machine is the result of three 
years of research by Peirce and by the 
Armour Research Foundation. 
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Endless magnetic belt is the recording 


The magnetic belt, manufactured 
by Minnesota Mining, can be used 
and reused many times. It also can be 
mailed, or filed for future reference. 
The belt has a 15-min limit, the time 
cycle found most practical for office 
use. 


“Error-free’ dictation has been 
Be. 
¥ We 


sae 


medium in the Peirce Magnetic Dictat- 


ing Machine. The belt may be reused indefinitely, or it may be mailed or filed. 


built into the new magnetic dictation 
machine to allow the dictator to 
change his mind with ease and speed. 
By simply backing up the belt to the 
point where the correction would be- 
gin, the original recording is erased 
and the material is redictated with no 
need for marking a correction slip. 

The new Peirce Magnetic Dictation 
Machine is built into a light weight, 
portable, attractively designed unit 
with simple finger-tip control. All con- 
trols for dictating, listening, and back- 
ing up are located on the hand micro- 
phone for convenience of operation. 
The microphone has a built-in sound 
level control which compensates for 
either “whisper” or “boom” dictators. 
The microphone also serves as_ the 
play-back speaker. 

This machine is designed as a com 
bination dictator and transcriber. A 
separate transcribing unit is also avail- 
able. The transcribing unit has an 
automatic back-spacer, which lets the 
transcribing secretary know where she 
left off. This device back spaces the 
tape approximately two words when 
the operating foot is depressed, allows 
the transcriber to hear the last two or 
three words she has typed, giving her 
continuity when transcribing. OOO 


Powdered Iron Speeds Are Welding 


HEAVILY COATED ELECTRODES contain- 
ing large quantities of powdered iron 
in their coatings obtain increased 
welding speeds on the order of 50 per 
cent, with appearance in smoothness 
and freedom from spatter almost equal 
to that obtained with automatic weld- 
ing. Cost reductions already obtained 
in production welding indicate that 
welding procedures will shortly be 
completely revised to new standards. 

In general, as welding current in- 
creases, the speed of welding increases 
since the electric arc performs the 
three functions of melting the core 
wire, the electrode coating and the 
edges of the parts to be welded. For 
any given size electrode, welding 
speeds can be increased until a max- 
imum usable current is reached be- 
yond which a further increase causes 
welding difficulties. Electrodes with 
powdered metal coatings are designed 
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to raise this top limit on welding 
speeds by eliminating or reducing the 
effect of these difficulties. 

The major cause of operating diffi- 
culties is the fact that the welding 
are normally creates more heat than 





can be effectively used. The result 
may be too much penetration, goug- 
ing, undercuttting and spatter. In the 
new Jetweld electrodes developed by 
the Lincoln Electric Company the 
powdered metal in the coating is 





Partially used conventional electrode, left, compared with electrode with 
powder metal coating, right. Shows difference in thickness of coatings and 
how crucible forms in the end of the thick powder metal coating. 
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melted by this heat and becomes an 
additional source of metal for the 
weld, thus permitting an increase in 
welding speeds. If an electrode con 
tains sufficient iron powder in the coat- 
ing to supply one-third of the deposit- 
ed metal from the coating and two- 
thirds from the core wire, that elec- 
trode can deposit metal 50 per cent 
faster than the same size conventional 


electrode. Proper balance is necessary 
between coating and core wire, for if 
too much iron powder is put into the 
coating, so much of the heat of the 
arc may be absorbed by melting the 
coating that there will not be enough 
to melt the parent metal and core wire. 

Powdered metal coatings also re- 
duce overheating in electrodes. A red 
hot core wire will break down the 


conventional electrode coating so that 
it cannot satisfactorily perform its 
functions. The limit to welding speed, 
therefore, becomes the maximum cur- 
rent which can be used without pro- 
ducing a red hot core wire. Powdered 
metal electrodes effectively raise the 
limit on welding speeds imposed by 
the current carrying capacity of the 
core wire. OOo 


Analog Computers for Desk-Top Use 


SIZE REDUCTION has been one of the 
important goals in recent years of 
designers of electronic computers. En- 
gineers of Reeves Instrument Corpora- 
tion, a subsidiary of Claude Neon, 
Inc., have produced two analog com- 
puters in their REAC line that are 
small enough to be used on a standard 
office desk. They measure 20 by 25 by 
20 in. and perform the same functions 
as an earlier computer that required a 
7-ft cabinet. 

REAC Model C301 has all compo- 





nents wired directly to the patch bay 
so that it can be operated with a high 
degree of flexibility. Problem control 
is obtained by patching computing 
elements through switches and relays. 
REAC C302 has a completely inte- 
grated built-in problem control system 
with the patching and operating of 
problems the same as in Reeves’ larger 
computers. This model is intended for 
the industrial and research laboratory 
and office. 

Differential equations up to the sixth 





Desk-top analog computer. Problems are wired into removable patch board 
and circuits adjusted by knobs at top. Answers are printed on strip chart at 
left, or presented on an oscilloscope screen. 


order of magnitude can be solved, or 
physical systems simulated by the new 
desk-top computers. All mathematical 
operations are performed with better 
than 0.1 per cent accuracy. Comput- 
ing elements are matched to close 
tolerances and they have a high degree 
of stability. 

The computers are completely self- 
contained, with built-in power supplies 
for amplifier and relay operation, 
and an internal computing reference 
source. Problems are set up on patch 
boards which plug into the front of 
the computer. Thus, one computer can 
be used for several problems and by 
different operators in succession with 
minimum set-up time. External equip- 
ment can be wired into problems 
through binding posts and connectors 
so that a desk-top computer can be 
interconnected with other computers 
of any size. With an auxiliary kit, 
these units can be operated as repeti- 
tive computers, permitting solutions 
to be displayed on a standard cathode- 
ray oscilloscope. 

Twelve individually chopper-stabil- 
ized computing amplifiers are used 
and they are identical to those used in 
Reeves’ latest full-size analog compu- 
ter. These amplifiers have extremely 
low noise drift of less than 0.25 milli- 
volts per day, d-c gains of over 15 
million, and full load current over an 
output voltage range exceeding + 
100 volts. Automatic true overload 
indication is provided for each ampli- 
fier. 

Details on the new desk-top models 
are available from Reeves Instrument 
Corporation, New York 28, N. Y. 000 


Level Indicator for Low-Density Liquids 


THE LOW SPECIFIC GRAVITY of liqui- 
fied gases, such as hydrogen and 
nitrogen, makes it difficult to apply 
float-and pressure-operated devices 
for liquid-level measurement. To 
circumvent this density problem, an 


APRIL 1954 


electronic instrument based on the 
capacitance principle has been de- 
veloped by the National Bureau of 
Standards in cooperation with the 
Brown Instrument Division of Min- 
neapolis-Honeywell Regulator Co. 


The sensing element, Fig. 1, is a 
vertical cylindrical capacitor whose 
capacitance is a function of the height 
of the liquid refrigerant column. The 
NBS instrument is used interchange- 
ably with hydrogen, nitrogen, oxygen 
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or helium by changing the sensitivity 
and range controls on the associated 
electronic circuitry. 

The instrument consists of the 
sensing capacitor and an_ indicator- 
recorder-controller unit. The capacitor 
forms one element of an a-c bridge, 
Fig. 2, whose output indicates and 
records the electrical capacitance and 
thus the liquid level. The bridge out- 
put also controls a pneumatic valve 
which admits more liquid to the sys- 
tem when the level falls below a 
particular point. The same basic re- 
corder with its adjustable sensitivity 
will cover different ranges and will 
serve for liquids with different di- 
electric constants when used with an 
appropriate sensing capacitor. The 
sensing element has three concentric 
cylinders. The outer one is a grounded 
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shield while the two inner cylinders 
form the active part of the capacitor. 
The two outer cylinders are con- 
nected by a coaxial cable unit to the 
indicator and the innermost is con- 
nected by an unshielded lead. The 
three-wire circuit is advantageous in 
that the system is largely independent 
ot cable length as well as small im- 
pedance changes caused by tempera- 
ture and moisture cycling. The cable 
capacitance appears across the termi- 
nals of the amplifier, while the stray 
capacitance to ground of the central 
cylinder appears across one arm of 
the bridge and can be compensated 
for by the phasing capacitor in the 
opposite arm. As shown in Fig. 3, 
the stray capacitance thus enters less 
directly into the bridge balance and 
can be compensated for. 
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A change in the capacitance of the 
sensing unit unbalances the bridge. 
The bridge output can be reduceu 
to zero by adjustment of a slide-wire 
resistor until the bridge is again bal- 
anced. The position of the slider is 
linearly related to the capacitance 
of the sensing unit and therefore to 
the liquid level. The liquid level thus 
determined is indicated by a pointer 
on a 25-in. scale and is also recorded 
on a chart of 12-in. diam. The rebal- 
ancing operation is automatic. The 
detector used here is a phase-sensitive 
amplifier whose output is determined 
by the amplitude and polarity of the 
capacitive unbalance. The amplifier 
output energizes a two-phase induc- 


tion motor which drives the slider 
on the resistor wire, restoring the 
bridge to balance. 
‘ 
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Fig. 2—Schematic diagram of the indicator circuit. A change in 
capacitance of the tank unbalances the bridge. The bridge is re- 
balanced by a motor driving a slider on the slidewire resistor and 


the level is recorded on a chart. 


Fig. 1—Cutaway view of the NBS sensing capacitor developed for use 
with liquefied gases at temperatures near absolute zero. A change in the 
capacitance of the tank is directly proportional to the change in the 


liquid level. 
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Nothing on. the market today excels the 
low priced Class B protection of Varflo Tubing 


Flexible Varflo is solvent-, oil-, moisture-, flame-, and fungus- 
resistant. Passes the NEMA heat endurance test of 15 minutes 
at 225°C. Also passes 100 hours at 125°C. Will not lose 
dielectric strength when subjected to severe handling, bend- 
ing and twisting. Has good shelf life. 


Available in Grades A-1 and B-1 tubing and Grades C-1 and 
C-2 sleeving. 
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Let us help you with your problem. Describe it in a letter— Se ~ 
no cost, no obligation. 
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In view of the wide range of tem- 
peratures at which the sensing capa- 
citor is used, it was necessary to 
choose materials that retain their 
electrical and mechanical character- 
istics from room temperatures to the 
extremely low temperatures of the 
liquefied gases. It was also important 
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Fig. 3—At left is a conventional bridge circuit where the stray 
capacitance of the leads appears directly across the capacitance to 
be measured. In the circuit at the right, 
dissociated from the sensing capacitor and does not affect measure- 


ments of the liquid level. 


to select tubes of low thermal con- 
ductivity to minimize the heat leak 
into the tank. Monel was used for the 
tubes and Teflon for the insulating 
spacers. The capacitor was construct- 
ed to be gas-tight to avoid observa- 
tion errors that might be caused by 
moisture condensing between the 
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the stray capacitance is 





plates and to provide a pressure seal. 
A Formvar enamel coating on the 
innermost tube prevents sparking that 
might occur on accidental contact 
between the tubes. This reduces the 
explosion hazards which might be 
present when using the instrument 
with liquid hydrogen. As a further 
safety precaution, the circuit design 
limits the maximum peak voltage 
across the sensing capacitor to 30 
volts. 

The sensitivity of the instrument is 
such that a capacitance change of 10 
mmf corresponds to full-scale deflec- 
tion on a scale length of 25 in. This 
corresponds to approximately 8 in. of 
liquid helium. Since the dielectric 
constants of liquefied gases are some- 
what temperature-dependent, it is 
necessary to make appropriate cor- 
rections for temperature. The change 
is as much as 10 per cent in some 
cases. The zero adjustment permits 
the use of tanks with empty capaci- 
tances from 120 to 4000 mmf. With 
empty capacitances less than 600 
mmf, the span is adjustable from 10 
mmf to 200 mmf. Od { 


Psychology Important in Package Design 


SurvivaL of delicate electrical and 
electronic apparatus after passing 
through normal transportation pro- 
cedures has often been a source of 
wonder to many engineers. To fur- 
ther enhance the chances of survival, 
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Prize winning shipping containers make use of psychologi- 
cal factor of continual visibility to impress need for careful 
handling. Panel box on left uses metal screening backed 
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packaging engineers are introducing 
the psychological factor of continual 
visible inspection to packaging of 
electrical apparatus. 

In the recent competition of the 
Society of Industrial Packaging and 





= uo 
Srae 


Materials Handling Engineers, two 
of the prize winners made use of con- 
tinual visibility of the contents as 
a deterrent to rough handling by 
transportation handlers. Eugene Wald, 
packaging engineer for Allen B. Du 


by a sheet of vinyl film. Package on left uses an aluminum 
mounting stand which doubles in factory as assembly 
fixture. Both packages have reduced losses. 
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These high precision standard Guardian Steppers afford positive 
selection and control of multiple circuits in Business Machines, 
Counting Devices, Totalizers, Computers and a vast array of simi- 
lar products at low cost. Applications include: automatic circuit 
selection; automatic sequence selection of circuits; automatic se- 
quence cross-connection of circuits. 


SERIES M. E.R. GUARDIAN MIDGET ELECTRICAL RESET STEPPER 
Keeps the reset magnet open, allows the ratchet to reset freely 
on a pulse of 10 milli-seconds. Stepping magnet releases lock 
mechanism on first step to ready unit for recycle. Standard unit 
has one disk with one finger rotating counter-clockwise. Two fin- 
gers available. Up to 21 of total 24 points on disk are active. 
Rated at 10 steps per second. Voltage ranges: 6 v. to 115 v. A.C., 
60 cycles, or 6 v. to 110 v. D.C. Auxiliary small combination con- 
tact switches can be mounted on ratchet or on either magnet. New 
3-point mounting for easy installation. 


SERIES M. A. S. STEPPER 


switch can be mounted on any 
ratchet position or on either mag- 
net. Available to operate on 6 v. 


from 6 v. 110 v. D.C. termittent duty. 


GUARDIAN 


A COMPLETE LIME OF RELAYS SERVING AMERICAN 
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life precision operation. 
binations in 3 standard ratings: 1.5, 10 
and 12 amps. at 115v., 60 cycles, non- 
inductive. Voltage range: 6 v. to 115 v. 
up to 115 v. A.C., 60 cycles, or A.C., 60 cycles; or 6 v. to 110 v. D.C. in- 





SERIES M-120 STEPPER 


A compact dependable Add and Up to 3 position contact combinations are 
Subtract unit. Up to 27 active available on the Guardian Series M-120 
points on total of 30. Rated at 10 Stepper. 24 point ratchet employs case 
steps per second. S.P.D.T. contact hardened steel construction to assure long 
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Contact com- 


Wrnte for catalogs featuring Guardian Steppers, Relays, Solenoids, 
Switches, Solenoid Contactors and Hermetically Sealed Controls. 
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Mont Laboratories, Inc., Clifton, N. J., 
designed a prize winning container 
for an electronic stabilizer amplifier 
weighing 35 lb. The shipping weight 
is 48 lb. 

Two sides of the cleated panel box 
are metal screening backed by a sheet 
of vinyl plastic film. In addition, shock 


absorbers are used for protection 
against shock in all directions. 

This new visible packaging resulted 
in 100 per cent reduction in damage 
during shipping. Other advantages are 
identification of contents without un- 
crating, and 20 per cent saving in 
labor. 





Solderless Terminals Are Built In 


SOLDERLESS TERMINALS are assembled as integral parts of the “hook” switch 
of a telephone set of Conntcticut Telephone and Electric Company. This 
switch is operated whenever the hand set is removed from, or placed on, 
the hook or the cradle of the telephone. The switch is made up of successive 
layers of beryllium copper contact arms, and insulation wafers. Lead wires 
are fastened to the terminals by suitable crimping devices. 





Solderless terminals are assembled directly into this telephone hook 
switch. Crimping tools effectively fasten lead wires to terminals. 


Silver-Plated Brush Tracks 


Gilbert Smiley, Engineer 

GENERAL Rapio Co., Cambridge, Mass. 
Because of its high efficiency, good 
regulation and wide range the con- 
tinuously adjustable auto-transformer 
has been taken over from the labora- 
tory to the industrial field in recent 
years.” There it has faced operating 
conditions far more severe than the 
occasional laboratory use originally 
contemplated in its design. One of 
these problems has been to reduce 
brush track losses. 

Basically the continuously adjust- 
able auto-transformer, or Variac, con- 
sists of an insulated winding on an 
iron core, with insulation removed to 
form a commutator traversed by a 
carbon brush which is always in con- 
tact with one or more turns, as shown 
in Fig. 1. The brush serves as a mov- 
able tap to adjust the number of 
transformer turns and output voltage. 





*See ‘“‘Control Your E and I with Variable-Ratio 
Auto-Transformer,”” October 1946, page 136. 
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Since the resistance of the brush acts 
as a load on the turns bridged, the 
brush resistance must be high enough 
to limit the circulating current to a 
safe value. 

Unfortunately, external load cur- 
rent drawn through the brush must 
also traverse the brush _ resistance. 
The temperature rise is a function of 
the current, the resistance, and the 
means available for dissipating the 
heat generated. In practice, most ad- 
justable auto-transformers are provid- 
ed with a radiator designed specific- 
ally to dissipate as much brush heat 
as possible, but a substantial fraction 
must be dissipated by the electrical 
winding. 

Strictly speaking, the brush resist- 
ance is not the volume resistance of 
the brush considered as a conductor, 
but is concentrated in one or more 
small interfaces between the brush 
and the bared conductor surface with 
which the brush is in contact. The 


Another prize winning package was 
designed by Julius J. Puchy, packaging 
engineer of Weston Electrical Instru- 
ment Corporation of Newark, N. J. 
In this instance the problem was to 
package delicate aircraft navigational 
instrument mechanisms. The solution 
was reached through cooperation 
between Mr. Puchy and Weston’s 
production engineers. The aluminum 
mounting stand is used as an assem- 
bly fixture in the factory as well as 
a holding device in the package. The 
mounting stand was placed in a 
clear plastic container for storage and 
interplant shipping to eliminate the 
need for special tote trays. In addi- 
tion to reduction of handling costs, 
damage to the delicate instruments 
during interplant storage and produc- 
tion handling was reduced because of 
the mechanisms being visible to the 
handlers. 


For shipping to the customer, the 
plastic container with the instrument 
mechanisms are placed within a cor 
rugated paper carton. The customer 
made further use of the aluminum 
mounting stand in his assembly opera 
tions. The contents of a single package 
weighs 10 oz and the shipping weight 
is 32 oz. 

Weston figures that a saving of 69 
per cent is material and labor over 
the previous method resulted from the 
new continual visibility assembly and 
packaging unit. 1o0 
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COPPER 
CONDUCTORS 


Fig. 1—When the brush is in contact 
with two or more turns, circulating 
current between turns adds to the 
load current the brush carries; resist- 
ance of conductor surface must re- 
main low and constant to avoid early 
failure under continuous or overload 
operation. 
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Think 


of all the ways ADLAKE Mercury Relays 
can save money in your business! 



























@ In any installation that requires both 
sensitivity and lasting dependability . . . from 
traffic control systems to chick incubators to 
long range navigation . . . ADLAKE Mercury 
Relays can do the jobs that conventional re- 
lays do in an uncertain manner at best! 


A 
es 


For instance, ADLAKE Relays have proved 
their ability to stand up under the most ad- 
verse conditions of temperature and moisture. 
Their time-delay characteristics are fixed and 
non-adjustable . . . normal line voltages and 
ambient temperatures from -38.8° to 200° have 
little effect on these characteristics. They re- 
quire no maintenance whatever . . . are silent 
and chatterless . . . and their mercury-to-mer- 
cury contact prevents burning, pitting, and 
sticking. 

EVERY ADLAKE RELAY IS TESTED 


%s £2 i 
If you don’t find the relay you need in the —AND GUARANTEED— 


ADLAKE Catalog, it will be custom-built for you. 


. oe 


Write for full information today: The Adams TO MEET SPECIFICATIONS! 
| & Westlake Company, 1168 N. Michigan, Elk- 
| hart, Indiana. In Canada, address Powerlite GlllckeY ( 
Bhoviess, Lid, Toronto, 0 wl la ‘O7" 
ear » 


S= 


of serving the fronspertetion DP 
“sa, and building industries "Lf 


ow Adams & Westlake cone 


Established 1857 @ ELKHART, INDIANA @ New York @ Chicago 
Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 
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area of these interfaces is so small 
that, essentially, the major part of the 
resistance to be traversed is concen- 
trated there. Furthermore, this resist- 
ance is a function of not only the 
brush composition, but also of the 
wire surface which may undergo 
change. 

In the design of adjustable auto- 
transformers, the brush resistance is 
a compromise between circulatory 
current losses and load current losses. 
To decrease one is to increase the 
other, and the increase, if appreciable, 
can result in temperatures beyond safe 
design limits. It is therefore important 
that the brush track surface be stable, 
and that the brush itself will undergo 
no excessive changes. 

Surface stability in available elec- 
trical conductors is poor under the 
influence of atmosphere, temperature 
and electrical contact. Of the three 
conducting materials that offer reason- 
able conductivity per unit of cost, 
aluminum and magnesium form low- 
conductivity oxides leaving copper as 
the only practical possibility. But this 
choice leaves much to be desired 
since bare copper is subject to attack 
by many airborne chemicals and at 
elevated temperatures forms a series 
of oxides of increasing thickness and 
decreasing conductivity. Under un- 
favorable conditions such as high am- 
bient temperature, continuous opera- 
tion at full load or overload, contami- 
nated atmosphere and infrequent or 
no maintenance, the brush track can 
deteriorate to the point where the 
resistance increase will bring failure. 


Electronic Regulation of Load 


A SIMPLE TRIODE electron tube in 
series with a d-c load can be used 
to hold load voltage and current con- 
stant despite changes in line voltages 
or in the nature of the load itself. 
The internal resistance of the triode, 
which is part of a feedback loop, is 


Correction— 


Human Engineering 


One of the drawings in the article, 
“Human Engineering in Control 
Systems,” March issue, was incor- 
rectly reproduced owing to a re- 
versal of a color plate. A corrected 
version is provided for readers’ 
convenience on page 374 of this 
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Fig. 2—Brush track is plated with a 
silver alloy and maintains constant 
resistance under heavy overloads; 
short-time overload rating is twice 
that for copper tracks. 


Under adverse conditions, failure oc- 
curs much sooner than would be the 
case with a fixed-ratio transformer. 

A stable brush track was _ recog- 
nized as highly desirable for an ad- 
justable auto-transformer for industrial 
service. To this end a research pro- 
gram was instituted to test conducting 
materials for surface stability under 
conditions common to industrial oper- 
ation. 

Samples of bare copper wire were 
plated with almost every metal and 
alloy that could be electro-deposited, 
and backed up by a phenolic plate. 
They were operated with a brush 
under sufficient pressure to duplicate 
the “brush drop” of an adjustable 
transformer. A number of these junc- 
tions were operated in series with the 
current and voltage drop recorded at 


varied automatically to compensate 
for any current or voltage variations. 
This principle is incorporated in the 
Model CC-200 constant-current gen- 
erator made by Electronic Research 
Associates, Inc., Caldwell, N. J. This 
unit, Fig. 1, supplies 5 to 200 ma of 
direct current from an a-c_ source. 
Current regulation is between + % 
and + | per cent for load variations 
from zero to 250 volts and for input 
variations from 105 to 125 volts. 
Fig. 2 shows a circuit diagram on 
the unit. The d-c voltage source sup- 
plies power to the series regulator 
consisting of vacuum tube V1. Addi- 
tional tubes such as V2 are. used in 
parallel with VI to distribute the 
dissipation within the power-handling 
capabilities of the tubes. The plate 
resistance of the series regulator 
tubes is varied by means of the d-c 
bias developed in the load RI of 


each junction. No significant decreases 
in voltage drop with time were noted, 
but increases showed up; in some 
materials including copper the in- 
creases were geometric with time. 

Results of these tests were revealing. 
Certain metals and alloys with non- 
tarnishing characteristics proved to be 
useless; other unpromising materials 
yielded surfaces that were either im- 
mediately stable or would achieve 
stability with reasonable aging. Ot 
all the metals tested, only silver was 
acceptable as a substitute for copper. 
but was too costly. All other stable 
materials had too high a resistance to 
be suitable for use as a winding. 

The development then turned to 
the application of a stable surface to 
bare copper. Such a surface must be 
securely bonded to the copper, thick 
enough to withstand many cycles of 
brush traverse under load, and cap- 
able of economical application in 
production. The answer was a plating 
process employing a silver alloy which 
eliminated oxidation. 

The surface is capable of with- 
standing millions of brush traverses 
at high load values without appreci 
able wear or other degradation. Shor 
term, high overload currents tha 
would burn out comparable copper 
tracked units, can be safely handled 
by the new contact surface without 
detectable damage. Standard short- 
time overload is ten times rated cur- 
rent and the: contact will not burn 
out until surges of some twenty-five 
times rated current are encountered. 

Ci i 


Current 


vacuum tube V3. This tube is con- 
nected in shunt with the load via 
series resistance R2. Current flowing 
through the load via this resistance 
biases the grid of the pentode in 
such a manner as to cause the grid 
to go more positive as the load cur. 
rent increases. This in turn increases 
the plate current through resistor R1, 
developing an increased negative bias 
on series tube V1, thus causing in- 
creased plate resistance and the cor- 
responding decrease in output load 
current. 

The circuit also automatically com- 
pensates for line voltage changes. A 
decrease in line voltage tends to de- 
crease the current in the series resist- 
ance R2 and this change in turn 
reacts on the series tube via d-c ampli- 
fier V3 in such a manner as to de- 
crease the series tube resistance and 
to maintain the current at the pre- 
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The Royal Typewriter Company, world’s largest manufac- 
turer of typewriters, has placed a great deal of emphasis on 
producing a reliable electric typewriter. They realize that 
poor motor performance or failure could nullify other prod- 
uct advantages and hurt their hard-won reputation for 
manufacturing fine typewriters. Consequently, motor reli- 
ability was their first consideration. 

“Convenient, compact size; quietness ; and efficient opera- 
tion, which turns out a true rated power’ are other reasons 
given by Royal for their selection of a Bodine Type K-4, 
induction motor to power their new electric typewriter. 

Service-free, efficient products mean satisfied custom- 
ers and repeat sales. Protect your reputation by equipping 
your machine with a Bodine motor—best by test. 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12, ILL. 


REPRESENTATIVES IN PRINCIPAL CITIES. J” Canada: RENOLD-COVENTRY, LTD. 
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a ated . eects ae a 
Bodine Type K-4 motor. Height and width 
of only 2%"; constant speed; extremely 
quiet operation; no radio interference; light 
weight; 5 mounting arrangements. 
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vious value. An increase in line 
voltage will result in an increase in 
the series tube resistance, again tend- 
ing to maintain the current at the 
original value. 


For V3 to respond to incremental 
changes in current only and to main- 
tain its sensitivity substantially inde- 
pendent of the magnitude of the 
output 


current, it is necessary to 





Fig. 1—Constant-current generator delivers 5 to 200 ma to d-c loads. Milliam- 


meter shows output current directly. 















D-c 
voltage 
source 





Reference 
current 


source 


Fig. 2—Current is held constant by automatically adjusting internal 
resistance of tube V1. The second tube V3 is an amplifier which 
increases amplitude of feedback signal. 





include a reference current source in 
the circuit. This source is operated 
independently of the main power 
unit. It is utilized to buck out the 
effect of the steady state current flow- 
ing through R2. In this manner only 
the differential current change acts to 
control the bias on the grid of V3. 


Some Special Problems 

The magnitude of the current sup- 
plied to the load can be varied by 
adjusting the value of the resistance 
R2. The magnitude of the reference 
current is also adjusted in proportion 
to maintain minimum differential cur- 
rent acting on the grid of the tube 
V3. An additional element in the 
design is to maintain the plate cur- 
rent of V3 independent of the output 
load voltage, which in the shunt con- 
nection also corresponds to the plate 
voltage of tube V3. This is accom- 
plished by utilizing a pentode tube 
of the 6AS7 or 6AG7 type with screen 
grid voltage maintained constant by 
tying the screen to the d-c voltage 
source prior to the series tubes. 


The d-c voltage source is sufficient- 
ly large to supply the load power as 
well as the series tube dissipation. 
In the case of the Model CC-200, 
constant current is supplied for out- 
put load voltage of 0-250 volts, for 
currents up to 200 ma. Since the 
drop across the series tubes may 
reach as high as 350 volts, the d-c 
power source used is capable of de- 
livering at least 600 volts at 200 ma. 


The reference-current source uses 
a separate transformer, rectifier and 
filter system. Gas-regulated or VR 
tubes maintain an output voltage in- 
dependent of line voltage changes. 
The constant voltage produced feeds 
a divider circuit whose ratio is 
varied in proportion with the change 
of the current-controlling resistor R2, 
thus maintaining the differential bal- 
ance previously described. Since this 
reference feeds a high grid imped 
ance only, the reference current is 
independent of load change. UU O | 


Three-Dimensional Tube Sections 


F. R. Michael 
BurrouGHs RESEARCH CENTER 
Philadelphia, Pa. 


IN PORTRAYING the structure of elec- 
tron tubes, cut-away drawings and 
plastic encapsulated cross sections 
have been used. But the total effect 
of several drawings and cross sec- 
tions has been combined in a single 
presentation method using three di- 
mensional techniques. Cross sectional 
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wedges of tubes embedded in plastic 
are cut at angles to the tube axis. 
These wedges are a distinct improve- 
ment over the usual cross sections in 
that they allow technical description, 
analysis, and evaluation in one method 
of sample preparation. 


The first cross sections made were. 


cut perpendicular to the axis of the 
tube, as in Fig. 1. Difficulties in 


(Continued on page 360) 





Fig. 1—Flat encapsulated sections of 
clear plastic aid in study of electron 
tube construction. 
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ARE YOU READY FOR 


A : 
GTELOLLLL 


Core Performance? 





TAPE WOUND CORES 


Are you ready for a revolutionary concept 
in the electrical and electronic industry— 
the Magnetics, Inc. “Performance-Guar- 
antce” on Tape Wound Cores. Guaranteed 


to meet your specifications, and sold at 
standard prices, these Cores mean truly 
economical production of high permea- 
bility magnetic devices in your plant. 


— 


| GET THE COMPLETE STORY 








| ; : , 
TABLE A L CONSTANTS OF | A wealth of new and unusual material on Tape Wound Cores 
A | . ‘ ‘ j orwavey ee , 
pe HET AAGHETIC MATERIALS 1 | is available to you in Catalog TWC-100, ‘“Performance-Guaran- 
MM | a ra " pes 
o aiid a. teed Tape Wound Cores.” Tables A and B of the catalog, repro- 
atuf. ms 
Curie Gra | . sake . > ‘ . 
a re Point per 1 duced on this page, present a striking illustration of material 
Density cc | . 
trade % 2 cine, seems Gausses om | not to be found compiled together elsewhere. 
Name Ni fre . 420 8.72 
” 5) Ri ‘ . a ‘ 
Mu g0 79 17 4Mo “random = 45 500 8.3 \ Data and des« riptive details on high permeability materials... 
Hy Mu 5U “ng “8 f 8.25 ; ‘ te " 
4g Alloy 48 52 yi 15,500 = 765 factory core matching .. . free engineering design services . . . 
ynol 50 50 s 00 4 . (l | : elisa : 
poe 97 3 si oriented 20,0 | pages of characteristic graphs and tables ... are yours for the 
1 asking. Simply write on your company letterhead. 
| 
TABLE B MATERIALS _ | 
OF SIMILAR 
TRADE NAMES sa i aR 
sane 
Hy-Mu 80 48 Alloy Orthonol a | | 
y-Miu Oriente j j i 
k Armco |  , y 
os arpenter 49 Orthon ail , & . 
4-79 Permalloy can 4750 Permeron po “ti = 
Mo-Permalloy H yernik Deltamax ciacieut 
Mu Metal* yP Hypernik V Silec | e 


Typical of the unusual scope of the material contained a 
in Catalog TWC-100 are Tables A and B, reproduced from 
Page 4 of ‘’Performance-Guaranteed Tape Wound Cores.” 
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NEW COMPONENTS 
~~ AND MATERIALS 





MOTORS IN NEW NEMA RE-RATED FRAME SIZES 


Designed to conform to NEMA re- 
rated frame dimensions, new a-c mo- 
tors retain the design features of Type 
AP motors, plus improvements in ven- 
tilation and other features. Known as 
Type G the motors are similar to man- 
ufacturer’s previous models, with per- 
formance standards remaining un- 
altered despite the reduction in size. 
Available are open and totally en- 
closed (fan-cooled and_ explosion- 
proof) motors. In the Type G open 
motor the intake openings in the end 
shields have greater protection than 
in the older design. Located in the 
bottom half of the end shield, these 
openings are high enough above the 





base to minimize the probability of 
incoming air sweeping dust or lint 
from the base or floor. All continuous- 
ly rated totally enclosed motors are 
fan-cooled. The cooling ribs of totally 
enclosed Type G motors are cast in- 
tegrally with the yoke. There are no 
enclosed external air passages that can 
be clogged up with dirt. 

The construction of the new motors 
is in other ways similar to that of 
previous models. They feature cast- 
iron frames and end shields. The rotor 
cage is pressure cast of aluminum with 
integrally cast fans. Stator laminations 
are welded across the back to provide 
a rigid core for the windings, which 





consist of random- or mush-wound 
heavy Formvar-coated wire. The bear- 
ing design protects the bearing from 
foreign matter and the interior of the 
motor from leaking grease. Use is 
made of a double-shielded bearing, 
which allows controlled migration of 
the grease in and out of the bearing, 
while preventing overgreasing. Dirt 
is excluded by a double labyrinth, 
close shaft clearance and a large cav- 
ity filled with grease. Grease is kept 
fromm leaking into the interior of the 
motor by a cast bce :ring cap held 
tightly in place by hex head cap- 
screws. In addition, on explosion-proof 
tvpes, flame-arresting bearing caps 
prevent flame from entering the bear- 
ing cavity or reaching the atmosphere. 
Type G motors are initially avail- 
able in frame sizes 182 and 184. 
Larger frame sizes will become avail- 
able at approximately five-month in- 
tervals. Eventually motors will be 
available in frame sizes up to and 
including 326. Allis-Chalmers Mfg. 
Co., 1126 So. 70th St., Milwaukee 1, 

Wis. 
No. 1, Reader ry Facility, page 257 


HYDRAULIC VALVE LINE FEATURES 3500 BASIC MODELS 


More than 3500 models are included 
in a new line of hydraulic valves. 
Features include a full floating oper- 
ating lever on directional valves, O- 
rings seals on each end of the valve 
body, full flow design for a minimum 
of pressure drop through the valve, 





and long lands on both the valve body 
and spool to prevent binding of the 
spool. Additional features include se- 
lectively fitted spools, machined inlet 
and cylinder ports, and interchange- 
able end caps to permit changing 
of the valve assembly to reverse valve 
ports. 

directional and 
functional valves—each available with 
optional body styles, types of control, 
and methods of operation. Directional 
valves can be obtained in threaded, 
flange and gasket-mounted types for 
maximum pressures up to 3000 psi. 


Line consists of 


The 4- and 2-way threaded valves . 


range in size from % to 1% in. for 
2000 psi service. Manual, cam, foot, 
solenoid, oil or air pilot operation 


is possible. Standard types of control 
include stem, knob, lever and a new 
quadrant lever locking device offering 
added safety features. Similar models 
and sizes can be obtained with flange 
connections for 3000 psi service. Also 
available is a complete line of %- to 
4-in. gasket-mounted valves for pres- 
sures of 2000 and 3000 psi; rotary 
pilot valves can be obtained. 
Functional valves include: relief, se- 
quence, unloading, pressure reducing, 
counterbalance, flow control and check 
valves. Valves with threaded connec- 
tions are available in sizes from % 
to 1% in. for 2000 psi service. Flanged 
valves, for pressures of 3000 psi, range 
in size from % to 2% in.; gasket mount- 
ed valves, in sizes from % to 2% in., 
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Pilot production mold for drawer 
shown cost only $25. Mass produc- 
tion metal mold less than $500, and 
only 3 days to build. 


CAMPO opwvision oF 
CHICAGO MOLDED PRODUCTS CORP. 


Campco Division 
Chicago Molded Products Corporation 
2715 Normandy Ave., Chicago 35, Illinois 


Please send me your Technical Data Bulletin on Campco 
S-300 Sheet. 

ae si 
Company____ 

Street 

City Zone 
State 
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CAMPCO 


$-300 RIGID SHEET 


New type high gloss styrene-rubber sheet can be formed with 
simple, low cost dies of wood, sprayed metal or plaster. 


CAMPCO S-300 is a strong but lightweight sheet that you can 
form to complex shapes on simple machines at high speed. 
Practically any conventional forming techniques can be used. 
CAMPCO sheet is easily embossed or deep drawn under heat. 
It can be printed, painted, laminated. It is available in a full 
range of translucent or opaque colors. 


CAMPCO S-300’s brilliant, porcelain-like gloss finish, high im- 
pact strength, low cost (26 to 28 cents per square foot in .080” 
thickness), excellent dimensional stability, low moisture ab- 
sorption and good heat resistance to temperatures below 
boiling, result from the new techniques we use to produce 
this styrene and rubber alloy. 

If you are now making, or contemplate making, a product 
in wood, glass, rigid vinyl, acetate, fibreboard, rubber, or, in 
some cases, even injection molded plastics, look at CAMPCO 
sheet first. It may mean greatly reduced die and production 
costs. It could mean increased product efficiency. Talk it over 
with our engineers. There’s no obligation. Meanwhile, send in 
the coupon for full details on this remarkable new plastic sheet. 


Widths from 20 to 58 inches 
Thicknesses from .005 to .125 inch 
Any desired length 
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MOLDS 


FOR RUBBER 
CORD PLUGS 
AND CONNECTORS 


We design 

and/or build 
rubber injection 
and rubber 
compression 

molds for all 

types of 

~~ cord plugs and 


connectors. 


We design 


and/or build SS 


SS 


rubber injection 
and rubber 
compression 
molds for all 
types of 

cord plugs and 
connectors. 


WRITE OR PHONE 


ROYAL OAK 


TOOL & MACHINE CO. 


29800 STEPHENSON HWY. 


ROYAL OAK, MICH. 


are available for pressures of 2000 and 
3000 psi. Hydraulic Power Div., The 
Hydraulic Press Mfg. Co., Lincoln 
Ave., Mount Gilead, Ohio. 

No. 2, Reé ry f t 


SILICONE ENAMELED 
MAGNET WIRE 
Intended for use in electrically oper- 
ated equipment operating at “hot spot” 
temperatures of at least 130 deg C, 
silicone enameled magnet wire has 
good abrasion resistance, adheres well 
to the conductor, is smooth, and _ is 
not attacked by common solvents. The 
enamel will not craze when exposed 
to solvents, and will not crack even 
when subjected to a temperature of 

65 C. Dielectric strength is 1500 
volts per mil. Wires insulated with 
the new enamel are furnished in single 
and heavy grades. Thin-film wires 
have a reddish-brown color; heavier 
grades have a darker color. The film 
is easily removed chemically or by 
wire brushes. Anaconda Wire & Cable 
Co., Muskegon, Mich. 

f No. 3, f 


MINIATURE PRECISION 
POTENTIOMETER 

Lightweight (0.6 oz) improved ver- 
sion of series T potentiometer features 
low torque, small size, and precision. 
Power rating has been increased to 
1.2 watts at 40-C ambient tempera- 
ture; electrical noise has been reduced 
materially through design improve- 
ments. Also, while standard linearity 
tolerance remains at +0.5 per cent, 
best practical linearity tolerance is 


now + 0.2 per cent. All-metal housing 
and lids, machined from aluminum 
alloy, blue alumilited, provide dimen- 
sional stability and maximum heat dis- 
sipation. Maximum operating tempera- 
ture has been raised to an ambient 
temperature of 105 C. Shaft diameter 
has been increased to 4% in., to provide 
greater rigidity and increased strength, 
and to permit machining of flats and 


slots. Standard electrical rotation has 


been increased to 354 deg (360-deg 
electrical rotation or mechanical stops 


are available on special order). Re- 
sistance range has been increased to 
provide resistances as low as 10 ohms 
and as high as 100,000 ohms. Poten- 
tiometers are available for bushing or 
servo-mounting. Diameter is ‘7s in. 
Up to five sections of the T series 
may be ganged on a common shaft at 
the factory; as many as nine taps are 
provided per section, each electrical 
ly welded to a single-turn of resistance 
winding. Helipot Corp., 916 Meridian 
Ave., South Pasadena, Calif. 

No. 4, f ry f t 


MOTORS IN RE-RATED 
FRAME SIZES 


In a completely new motor designed 
to conform to the new NEMA re- 
rated frame sizes, compactness and 
improved performance have been 
achieved by redesigning the end brack- 
ets and baffles, improving electrical 
characteristics, and holding tolerances 
to closer limits. The stator core, in 
particular, is ground to very close 
tolerance to insure precise concentric- 
itv of the air gap between the rotor 
and _ stator. 

Improvements have been made in 
the slot design of the laminations, and 
the asbestos-protected windings have 
been strengthened by the addition of 
Mylar laminations. The end brackets 
have been completely redesigned, with 


air intakes so arranged as to prevent 
intrusion of water, vet allow air-flow 
into the motor for two-way ventilation. 
Baflles within the air vestibules of 
the end brackets prevent splashings 
from entering and coming in contact 
with the windings. 

Additional feature is the split dome, 
cast iron terminal box which makes 
the leads more accessible. Also, air 
impeller blades on the rotor ends 
have been redesigned with curved 
edges to permit more quiet opera- 
tion. All castings are normalized. 
Lubriflush lubrication of the bear- 
ings provides means of replacing old 
grease with new without the neces- 
sity of disassembling the motor or 
disturbing the bearings. 

Type H meets the same standards, 
size for size, as the previous model; 
overload capacity has not been re- 
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UTC was the largest supplier of transformer components in World War 
Il. Present UTC production is on a similar basis. Illustrated below are a 
few of the thousand military types in UTC 1954 production. 
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150 VARICK STREET ° NEW YORK 13, N. Y. 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: *‘ARLAB’’ 





FURNAS ELECTRIC 
DRUM CONTROLLERS 





Furnas Electric 


DRUM CONTROLLERS 


Exclusive on 


BUDGIT HOISTS 
FOR 14 YEARS 


THE REVERSING DRUM CONTROL YOU SEE 
HERE was designed by Furnas Electric for 
the Shaw-Box Crane and Hoist Division 
of Manning, Maxwell & Moore, Inc., of 
Muskegon, Mich. After 14 years of 
service on muscle-saving Budgit hoists, 
the smooth responsiveness and durability 
of this switch is proved beyond question. 
Finger-tip control allows one hand to 
control the load while the other guides 
it. The controller is a modification of 
standard design. 


You'll find a Furnas Electric controller 
and starter designed to fit your particular 
requirements. Control types include 
multi-speed, magnetic or cam. Ratings 
1-10 hp, 110 to 550 volts. And you can 
select from the widest range of magnetic 
starters in the 1-50 hp range on the 
market today. In-between sizes save you 
money and space. 


For more facts or Bulletin 48B de- 
sentative. Or write Furnas 
Electric Company, 1024 


scribing drum controllers, aoe 
: 
* 
Exe | 
McKee Street, Batavia, III. [== 


get in touch with your near- 


by Furnas Electric repre- 
Batavia, Illinois 
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duced. The frame of the motor is 
made of solid one-piece iron. Motors 
in frame sizes 182-184 are now avail- 
able. U. S. Electrical Motors, Inc., 
Box 2058, Los Angeles 54, Calif. 

No. 5, Reader Inquiry Facility, page 257. 


MOLDED BOROCARBON 
RESISTORS 


Molded borocarbon resistors, known 
as the Filmite B series, are said to 
meet the performance requirements of 
MIL-R-10509A, proposed Modifica- 
tion 2. Rated at 42, 1 and 2 watts, 
resistors will dissipate full wattage 
ratings at an ambient temperature of 





70 C. Designated Types 4E, 5E, and 
6E, the resistors are molded in a 
dense plastics material, which provides 
physical protection for the film re- 
sistance element and also serves as 
a barrier for moisture and vapor. The 
low-loss phenolic housings not only 
shed water but are vapor-resistant and 
inert to the film material. Other fea- 
tures include low-contact-resistance, 
low-noise end-terminations held rigid- 
ly in place on special ceramic cores, 
low temperature and voltage coeffi- 
cients of resistance, and excellent load- 
life and high frequency characteristics. 
Initially, orders for the resistors must 
be restricted for use on military equip- 
ment and for use in government proto- 
type equipment. Sprague Electric Co., 
307 Marshall St., North Adams, Mass. 


No. 6, Reader Inquiry Facility, page 257. 


TEMPERATURE-DEFROST 
CONTROL 


Temperature contro] and pushbutton 
defrost for home refrigerators pro- 
vides standard thermostatic action and 
also initiates and automatically termi- 
nates forced defrost. Designated the 


8ART2. unit is used to defrost the: 


refrigerator whenever it is required; 
it then automatically resets for re- 
covery to normal operating tempera- 





ture. The pushbutton actuator may 
be mounted integrally with the cold 
control, or at an independent location 
on the appliance. 

The cold-control section of Model 
SART2 is powered by a short-stroke 
bellows charged with refrigerant gas. 
The defrost section, operating on the 
same temperature sensing system, 
offers a means of breaking the com- 
pressor circuit and energizing a de- 
frost heater circuit. When defros« ter- 
mination temperature is sensed by 
the cold control, the pushbutton re- 
sets automatically. Moving parts are 
made of stainless steel, bronze, or 
zinc, with knife-edge bearings for ac- 
curacy. The control is available for 
115- and 230-volt systems. General 
Electric Co., 1 River Rd., Schenec- 
tady, N. Y. 

Cir No. 7, R: 


RE-RATED MOTORS 


Now available in frame sizes 182 and 
184 are the first models of a line of 
motors designed in accordance with 
the new NEMA standards. In the new 
Klosd motors more than 50 per cent 
of the inactive space in previous de- 
signs has been eliminated. Other fea- 
tures include improved insulation pro- 
viding greater electrical and mechani- 
cal strength to stator windings. Wind- 





ings are protected with a_heat-re- 
sistant baked varnish and moisture- 
resistant sealer. In addition new brack- 
ets give greater protection to the 
windings. Other improvements and 
features include diagonal cover type 
terminal boxes that may be rotated 
360 deg fixed in any desired position, 
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Bright-Printed Gaylord Boxes Sell 


Wherever They're Seen 


More than just product containers, Our designers can call on a wide range 

eye-catching Gaylord quality boxes are of experience to help you get more 

traveling salesmen, carrying your sales advertising value from your boxes. For 

story along the channels of distribution information and cooperation phone 
. . right into consumers’ homes. your nearby Gaylord office. 





GAYLORD CONTAINER CORPORATION 


eee General Offices: SAINT LOUIS, MO. 


SALES OFFICES COAST-TO-COAST 
CORRUGATED AND SOLID FIBRE BOXES « FOLDING CARTONS * KRAFT BAGS AND SACKS * KRAFT PAPER AND SPECIALTIES 
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“Dictaphone Telecord ‘ 
central dictation system  \ 


uses STERLING RELAYS — 





* for dependable, instant 
response to push-button 
remote controls 

* for simplified wiring 


Complete remote control of the recording machine, assured privacy, 
and a substantial reduction in the required number of connecting cir- 
cuits are made possible by Dictaphone’s use of 12 relays in the Telecord 
control unit, plus one in each dictation instrument. To maintain high 
standards of quality and performance, Dictaphone uses standard 
Sterling Type GS Relays to fit exactly the needs of its circuits. 

Whatever your product’s requirements for relays, standard or 
special, it will pay you to submit your specs to Sterling! 


General Specifications Sterling Type GS Relays 


COlL—Single or double wound up to 220 volts D.C. ¢ SPRING ASSEMBLY— 
Up to 10 springs per pile-up, in any arrangement ¢ CONTACTS—AIll types up 
to 3/16” diameter « RESIDUAL—Adjustable screw « OPERATE TIME—.005 to 
.050 sec. © RELEASE TIME—.OI0 to .100 sec. e MOUNTING—2 or 4 *8-32 or 
*6-32 tapped holes ¢ DIMENSIONS—2!2"’x 1/2"’x I-1/16’’ maximum e WEIGHT 
—6 to 10 oz. 


STERLING ENGINEERING CO. 
54 Mill St., Laconia, N.H. 


Please send your 28-page Sterling Relay catalog to 





NAME_ = 
They’re relays YOU can rely on! POSITION 
STERLING ENGINEERING COMPANY, Laconia, N. H. 
Subsidiary of FIRM 
AMERICAN MACHINE & FOUNDRY COMPANY 
New York ADDRESS 


AMF Products are better... by design 
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and have tapped hole tor conduit. For 
greater bearing protection, a moisture 
resistant labyrinth seal on the pulley 
end protects open motors as well as 
fan-cooled designs. A plug seals the 
short end bearings. Larger frame sizes 
in the line will be introduced at inter- 
vals, with all frame sizes in production 
by late 1955. Sterling Electric Motors, 
Inc., 5401 Telegraph Rd., Los An- 
geles 22, Calif. 

r No. 8, ¢ 


FASTENER WITH HIGH 
SHEAR STRENGTH 
Hi-Strength Model HO is a one-piece 
stud without cross pins, milled sec- 
tions or holes. A quarter turn clock- 
wise locks it; a reverse motion un- 
locks it. Fastener has the following 
characteristics: shear load 4750 Ib; 
tensile strength 3000 Ib; permanent 
set after load 0.000; lock torque, 8.5 
in., and unlocking torque, 6.0 in. 
Features are made possible by re- 





designing the bearing surface so that 
the shear load is distributed evenly 
around the area of the fastened parts. 
Overall size of fastener is 0.680 in. 
wide and 0.407 in. high. The spring 
assembly is 1.490 in. long, with 1-in. 
rivet centers. Stud has oval head %e¢ 
in. in diam. Permissible misalignment 
between sheets being fastened at the 
time of fastening can be as much as 
0.125 in. Lion Fastener, Inc., 250 
Main St., Honeoye Falls, N. Y. 
No. 9, | ¢ f t 


GERMANIUM DIODES 


Long life (10,000 hr) and reliability 
are characteristics of a line of single- 
crystal-stabilized germanium diodes. 
Diode is 42 in. long and has a diam 
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FOR RUGGED SERVICE, Reliance 


Motors are built better to last longer. 
These Precision-Built Motors combine 
maximum strength with shock-resist- 
ant frame and bearing-bracket con- 
struction. Write for Bulletin B-2101. 


aes > 3 


1054 Ivanhoe Road, Cleveland 10, Ohio e¢ Sales Representatives in Principal Cities 
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SKINNER Baayen 


stainless steel 
solenoid valves 







Underwriters’ Approved For Class 1, 


327A," ‘ Group D, Hazardous Locations 





Extremely flexible design makes 
the small Skinner X5 Series the most 
versatile explosion-proof valve on the 
market ! 

X5 Series Valves are inexpensive, yet built to highest quality standards, 
Rugged, stainless steel construction, simplicity of design (only one moving 
part) and spring-loaded plungers with positive-sealing synthetic inserts con- 
tribute to trouble-free operation — through millions of cycles. 

Skinner X5 Series Valves can be easily disassembled and inspected with- 


out removal from the line. 


X5 Series Valves are available in a broad selection of types, voltages, 


pressures, flow control adjustments, port sizes and port locations. 


TYPE X5 SPECIFICATIONS 


re pveaeeseceneed Two-Way and Three-Way, Normally Open, 

Normally Closed, and Directional Control 
i cick cs bel.s eee eR CURRY EERE T KS SECA 0-1000 p.s.i. 
ictcc rid eke eden Ra ay eee nw enews tneae Ya" to V4" 
ECG hee eine iebaataek oa eusewdakwws Ye" or Yo" NPT 
tien keuibntver th kehew eb eset eneneeveene ved All AC and DC 
i i ce Ghee Ce When easer ee vdaewd 10 Watts Max. 
PE Sibi ink wadeneearnluteba ne anes end Continuous or Intermittent 


Write for BULLETIN 526A 
TYPICAL SKINNER VALVES 


Write for information about our complete line. 
V5-3 
Quick Exhaust 
V10 





THE SKINNER CHUCK COMPANY 
108 EDGEWOOD AVENUE, NEW BRITAIN, CONNECTICUT 
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eter of less than %4 in. Its casting 
is made from non-porous ceramic. 
Each end of the diode is vacuum- 
sealed with a plastic which firmly 
bonds to both the ceramic and to 
flexible pigtail leads. In addition, the 
diode is filled with a silicone impreg- 
nant. As a result, the diode is said 
to withstand repeated temperature 
and humidity cycling with no adverse 
effect on its electrical characteristics. 

Flexible wire leads and fully insulat- 
ed case enable the diode to be mount- 
ed in compact equipment with min- 
imum space requirements. End plugs, 
which are part of the internal con- 
struction, provide heat sinks to mini- 
mize danger of damage when the unit 
is being soldered into place. The com- 
pletely insulated case of the S-C-S 
diode eliminates shorting problems. 
It has a shunt capacity of | mmf aver- 
age. Federal Telephone & Radio Co., 
Selenium-Intelin Dept., 100 Kings- 
land Rd., Clifton, N. J. 

No. 10, R¢ 
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300-WATT RHEOSTAT 


Bulletin 1116 Vitrohm ring-type rheo- 
stats are designed for use in a-c and 
d-c circuits where smooth, accurate 
current control is required. The 300- 
watt rheostats are useful where “step- 
ped” rheostats do not furnish suff- 
ciently close adjustment. Typical con- 
trol applications include generator and 
motor field control, as well as electron 
tube, battery charging, and oven and 
lamp dimming control. 





Base and core of rheostat consist 
of high-dielectric-strength ceramic. 
Vitreous enamel bonds the base to the 
core and permanently locks the special 
alloy resistance wire in place. Contact 
arm assembly features: balanced steel 
arm equipped with two sintered, self- 
lubricating copper graphite shoes; and 
a heavy compression spring, housed 
in a cold molded insulator, that main- 
tains uniform contact shoe pressure on 
resistance winding and collector ring. 
The corrosion-resistant, °s-in. diam 
steel shaft turns in a self-lubricating 
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Chette Pe yformarece 


is ‘‘engineered’’ into 
Waterbury Phosphor Bronze & Nickel Silver 



























You can expect uniformly successful re- 
sults from every coil of Waterbury Rolling 
Mills Phosphor Bronze and Nickel Silver. 
Here is the reason why. 

WATERBURY’S QUALITY CONTROL keeps 
a close watch on the metal from 
composition, through processing to ship- 
ment. Raw materials are carefully selected, 
combined and processed under the 
constant scrutiny of Waterbury’s 
metallurgical laboratory. This assures a 
consistency of grain size and structure plus 
physical and electrical properties that 
give you uninterrupted success in 
your application. 

Remember also, that Waterbury’s 
metallurgical experience is available to 
help you on specific problems. 

Specify Waterbury Rolling Mills 
phosphor bronze and nickel silver. 

You can order it from the office nearest 
you. You'll get fast delivery too. 


WATERBURY ROLLING MILLS, INC. Established 1906 

Main Office: Waterbury, Conn. ¢ Tel. Waterbury 4-5131 

New York Representative: J. A. Wilson Metal Products Co., 350 Madison Ave. * VAnderbilt 6-1246 
Chicago Representative: General Steel Warehouse Co., Inc., 1830 Kostner Ave. * BElmont 5-4266 
Philadelphia Area Representative: John McNichol, 16 West Mill Rd., Flourtown, Pa. * WHitemarsh 8-1869 
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13,200-208Y/120 volts, 
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Dry Type Transformers 


For High Voltage Unit Sub-Stations 







Core and Coil 
Assembly can be 
supplied 
separately or as 
a Unit Sub- 
Station complete 
with primary 
and secondary 
switchgear 
according to 
your speci- 
fications. 


Hevi Duty Transformers are designed and 
built to offer that extra protection needed 
during peak operating periods. Note the 
adequate core and coil blocking, high volt- 
age insulators and well ventilated pancake 
type coils on the transformer shown here. 


Specify Hevi Duty Transformers in your unit 
sub-station and you assure yourself of de- 
pendable service. 


Let our engineering staff design a transformer 
to meet your specifications. 


Write for Bulletin HD-499 
ens 






DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN —— 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 










sleeve bearing. Dimensions:  6-in. 
diam; back-of-panel depth, 2'%¢-in. 
Resistance values range: 1 to 2500 
ohms. Standard resistance tolerance is 
+20 per cent, —10 per cent. Tandem 
mounting, tapered windings and other 
non-standard features are available on 
special order. Ward Leonard Electric 
Co., 100 South St., Mt. Vernon, N. Y. 
ircle No. 11, Re t 


CLOSE-TOLERANCE 
BERYLLIUM COPPER STRIP 


In addition to standard beryllium cop 
per strip in the usual sizes and also 
tempers, now also available is a new 
close-tolerance grade known as Micro- 
strip. Available thicknesses run from 
0.001 to 0.032 in., with minimum 
tolerances ranging from +0.0001 to 
+0.0004 in., depending upon thick- 
ness. On widths from 32 to 5 in., 
tolerances of +0.001 and +0.002 are 
regularly held. To maintain quality, 
use is made of solution annealing and 
surface conditioning. Correct anneal- 
ing insures more uniform hardness, 
formability, microstructure and aging 
response, while freedom from surface 
oxides reduces die wear and contact 
resistance. Penn Precision Products, 
501 Crescent Ave., Reading, Pa. 
No. 12, R« f t 


SERVO MOTOR 


Having a 1%-in. diam and available 
in a variety of speeds and electrical 
characteristics, Type 52 servo motor 
is used principally in 60- and 400 
cycle circuits. It can be supplied to 
meet military humidity, temperature, 
vibration, and altitude requirements. 
Motor has no-load speeds ranging 





from 800 to 3300 rpm for 60-cycle 
operation, with a stall torque up to 
1.2 oz-in.; for 400-cycle operation, 
range is from 5500 to 22000 rpm with 
a stall torque up to 1.8 oz-in. Input 
voltages are normally 26 or 115 volts 
but can be varied to meet require- 
ments. Motor is available in 2-, 4-, 
and 8-pole constructions. 

Stator of Type 52 is embedded in 
an insulating compound possessing 
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TO MAKE A NEW PRODUCT POSSIBLE, 


American Felt 


American makes felt that is soft as a kit- 
ten’s ear, or hard as a board, and many 
kinds in between; felt of pure wool, or 
blends of wool with natural and synthetic 
fibres, or all synthetic; oil seals of felt 
layered with synthetic rubber, and so on. 
Because there are many hundreds of dif- 
ferent types, it is important for manufac- 
turers to choose correctly among them. 

For example, recently a company had 
developed a new machine. The final impor- 
tant item was the felt to be used. Various 
selections were tried, and failed. Finally, 
the problem was put up to us, and prompt- 
ly solved, making it possible to start pro- 
ducing the new device. If the company had 
come to us earlier, much time would have 
been saved. 

It will pay you to make sure about felt. 
American’s Engineering and Research 
Laboratory is at your service. Won’t you 
let us collaborate with you? 


American felt 
Company 


TRADE MARK 





GENERAL OFFICES: 

16 GLENVILLE ROAD, GLENVILLE, CONN. 
SALES OFFICES: New York, Boston, Chicago, Detroit, 
Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, 
Dallas, San Francisco, Los Angeles, Portland, Secttle, 
San Diego, Montreal. — PLANTS: Glenville, Conn.; 


Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.;° 


Westerly, R. 1. — ENGINEERING AND RESEARCH 
LABORATORIES: Glenville, Conn. 
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high dielectric strength and _ high 
J rape pore Pe Te ROE RTC ee Soe CP | temperature stability. Even at high 


altitude, excellent dielectric strength 
> Yew fees ~6=—S—éis said to be provided between wind- 

x see : ings and housing. Standard construc- 
4 ® tion provides a choice of staiyless steel 
4 y BALTRIC . or aluminum housings, and stainless 
ic ee oe steel or SAE 52100 steel ball bear- 
e ; MOTORS : y ings. Rotors are centrifugally cast and 
f b ee laminations are of high nickel steel, 


making the surfaces adjacent to the 
NEW NEMA Re-rated FRAMES 


air gap corrosion-resistant. G-M Lab- 


: = oratories Inc., Dept. H, 4336 N. Knox 
You 2 Production The new BALDOR Baltric Ave.. Chicago 41, Ill. 
motors—smaller NEMA frames * more horsepower * less ‘aa rcle No. 13, Reader inquiry Facility, page 


weight * streamcodled * totally enclosed * high perform- 


ance * cool operation + simple design * compact contour bed RIGID INSULATING 
rugged construction * protected ball-bearings * polyphase i MATERIAL 


and single phase * integral and fractional ratings. Polypenco Q-200.5 is a rigid, trans- 
\ 2-200. a rigid, tri 


parent insulating material for uhf and 
other applications. A thermosetting 
polymer, its dielectric constant of 2.4 


* MAY WE SEND YOU 4 : to 2.5, along with only a slight change 


in the dissipation factor over the entire 


BULLETIN 400 a frequency range (less than 0.0002 


at 30 mc) meets requirements of 
MIL-P-77A. It has a tensile strength 


< f 7-9000 psi; flexural strength is 9000 

BALDOR BALTRI oe by : 
Sule end shale — BALDOR ELECTRIC CO. ' psi (min). Other properties: flammabil- 
4353 DUNCAN AVE., ST. LOUIS 10, MO. L ity, 2.5 in. min (max); specific gravity, 


Cc COMPANY Tt ee ee 


ieee 


1.05; and heat distortion per deg C, 
103-108 (special test used). Dielectric 
Oe Fa Tee strength of the material, flatwise, is 
350 volts per mil (min) for short-time 
test. Machinabilitv of Q-200.5 is said 
to be excellent. It can be drilled, 
turned, milled, ground or polished on 
standard metal-working equipment. 
As a result of its relatively infusible 
nature, the material does not soften or 
| “gum-up” from heat generated dur- 
ing a machining operation. Q-200.5 
insulators have been subjected to 
| temperature up to 400 F, when light 
| mechanical loads are involved. Heat 

distortion temperature—based on 170- 
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TOTALLY ENCLOSED 


STREAMCOOLED MOTORS : c | psi fiber stress and a 0.005-in. deflec- 


| tion of a 0.100-in. thick section—is 


REQUIRE Less SERVICING 4 B | 216-225 F. The Polymer Corp., 126 


BALDOR STREAMCOOLED Motors are solidly enclosed, 
cooled by an outer-mounted fan in the bell-end. They 


N. Fifth St., Reading, Pa. 
No. 14, Reader Inquiry Facility, page 257 


cannot inhale dust, dirt, grit or metal particles. They re- 
quire no dismantling for cleaning thus LESS servicing—no | VIBRATION-RESISTANT 
interruption of production. wee 60h} 6CRELAY 

Other features of BALDOR Motors ; | 

| 

| 


° - - sig - ) Te i or ig 
mnchode seated boll-bearings which Designed for operation under high 


» aye ° io rk ‘ ; 
ii Rie niea Aaa “aiiedah an, temperature, high shock, and high 
: ; frequency vibration, Hi-G relays find 
moving end-plates. Corrosion- ne : ; : 

; on use in industrial, aircraft, and other 
resistant inside and out. End plates J . Sree —s : 
; me 8 =€=86©| applications. Units are braced to their 
interchangeable for vertical or : 
bracket mounting. Each motor indi- 


vidually dynamically balanced. R 
Standard NEMA dimensions. ee 


BALDOR ELECTRIC CO. 
4353 DUNCAN AVE., ST. LOUIS 10, MO. 
ELECTRIC COMPANY « ST. LOUIS 10, MO 
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You can simplify purchasing . . . improve design .. . speed production 


vith IMproved C-0-F DILECTO laminates 


Only C-D-F, the Continental-Diamond Fibre Company, 
makes Dilecto laminated plastic, just as only Cadillac makes 
a Cadillac. Dilecto is 50 different materials with more com- 
binations and variations in desired properties than we can 
tell you here. 

But Dilecto has three important qualities that you should 
think about if you buy, design, or machine laminated plastics. 


DILECTO HAS HIGH MECHANICAL STRENGTH 
Mechanical strength is frequently an important determining 
factor in the selection of an insulating material. Insulating 
parts used in large electrical power equipment are frequently 
bulky. The high mechanical strength of Dilecto helps reduce 
size-dimensions of insulating parts without danger of failure. 
Instruments, meters and small motors frequently require very 
small insulating parts which must withstand comparatively 
large mechanical stresses. Insulation for use in high frequen- 
cy circuits should have a minimum bulk factor for minimum 
dielectric losses. Dilecto fulfills these requirements with a 
combination of high mechanical strength and low loss factor, 
characteristic of the better C-D-F electrical grades. 

So C-D-F selects for your Dilecto insulation grade the 
correct, highest quality base material, paper, cotton, nylon, 
glass. These are used in combination with improved pene- 
trating resins: Improved Phenolic, New Melamine, New Sili- 
cone, New Teflon, all synthetic, well polymerized resins. 

Both the base and the resin are good insulators by them- 
selves. But C-D-F sells them to you in an improved, practical 
form . . . Dilecto. Uniform sheets, tight tubes, strong rods, 
close tolerance machined and formed specialties, high bond 
Strength metal clads. 

Why does Dilecto combine so well mechanical strength 
with dielectric strength and dimensional stability? Because 
Dilecto is almost homogeneous, a true blend of resin and base. 


DILECTO IS ALMOST HOMOGENEOUS 
A poor laminate absorbs moisture at its edges, loses its 
insulating properties fast. Entrapped moisture and other 
volatiles within the cured structure causes inconsistent di- 
electric strength, with ultimate puncture and breakdown. 





Punch press and bench saw operators know how much time 
and material is saved when the laminated plastic is uniform 
and homogeneous in nature like Dilecto. 
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DILECTO IS IMPROVED 

Yes, C-D-F Dilecto is an improved laminated plastic, due to 
high standards and advances in resin and manufacturing 
techniques. It is watched by skilled workers in our modern 
plants, checked against rigid standards . C-D-F stand- 
ards .. . by our quality control people. It is easy to machine, 
and the C-D-F shops are doing a booming business in 
specialties. 


Table |—Typical Improved Phenolic Laminates 


Commercial | ; 
designation? | Resin | Filler 


MEC-5 Phenolic 


Improved 


properties ment 


due to: 

Insulation re- Filler 

sistance; mois- 

ture resistance 

High dielectric Resin and 

strength paral- manufac- 

lel to lamina- turing 

tions technique 

Better ma- Filler 

chining 

Insulation re- Resin and 

sistance ; mois- manufac- 

ture resistance turing 
technique 

Alkali resist- Resin 

ance 

Postforming Resin 


| Improve- 


XXHV-25 Phenolic 


CRD Phenolic 


XXXP-26° Phenolic 


C-92 | Xylenol¢ 


CF Modified 
| phenolic 

® All grades are Continental-Diamond Fibre Company. 
© Resins have improved penetrating properties and the manufacturing tech- 
niques use these properties to provide better impregnation of the filler. Since 


thorough impregnation eliminates entrapped moisture and air, greater mois- 


ture resistance and better dielectric properties are attained. Manufacturing 


techniques also provide suitable temperature control during the curing stage to 
assure uniform quality and optimum property values in the finished laminate. 
© Xylenol is essentially a dimethyl phenol. 


from Electrical Manufacturing Article **Wider 


Design Opportunities with the 
NEW Phenolics”, Part Il. 


The next time you 
think of laminated 
plastics, the name 
to remember is 
C-D-F Dilecto. The 
improved, high 
strength, uniform 
material that makes 
insulation buying 
and using more a 
science, less a puz- 
zle. New _ grades, 
new applications, 
new savings are just 
part of the Dilecto 
success story. Look up the facts in Sweet’s Design File, or 
write for catalog. Send us your blueprint for quotation .. . tell 
us your design dream...C-D-F wants to work with you. 


9 1, zvittl Diennd File 


CONTINENTAL-DIAMOND FIBRE COMPANY 
NEWARK 13, DELAWARE 
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hermetically sealed containers and 
constructed of non-volatile materials 
that cannot cause gas and resultant 
explosion hazards at elevated temper- 
atures. Relays are available in four 
basic series: models can withstand 
vibration of 20 g at over 500 eps; 
standard types withstanding a vibra 
tion of 10 g at 55 cycles; special high- 
temperature types; and industrial 
types for less severe applications. All 
are available with 2-, 3-, and 4-pole 
double- or single-throw, or 6-pole 
single-throw arrangements. They can 
be furnished in hermetically-sealed 
metal containers with either solder 
lugs, screw terminals, or standard AN 
connectors. Contact ratings of 3, 5 
or 10 amp are standard. Coils are 
available for most d-c voltages. 

Designed to exceed MIL-R-6106 
specifications, relays feature: a con- 
tact pressure of 70 to LOO gm; a 
balanced armature; large contact area 
for greater heat dissipation; and non- 
volatile ceramic insulating spacers. 
The W-shaped blades are equipped 
with vibration dampening springs and 
double contacts. On life tests, the re- 
lays were operated for over 2,000,000 
cycles making and breaking the rated 
load. All types can be operated at 

Is the equipment which you are designing susceptible temperatures up to 325 F. Special 
to malfunctioning caused by r-f currents conducted relays are available for operation at 
through power lines? Will your equipment interfere 600 F. Hetherington, Inc., 1200 Elm 
with other equipments oper rated off the same power line? ened Aue. Shaws Bh os 

A prominent electronics manufacturer facing these mi “ ae 
problems called on Sprague for help with r-f test equip- , 
ment which was already in production. Specifications 
for a single filter to do both jobs were established by the ie — eine ea ; 
saahtittorer’ engineers working closely with Sprague ENCAPSULATED RESISTORS 
Field Engineers. The required insertion loss character- . | Encapsulated precision wirewound re 
istics were set at more than 60 db from 14 to 40 kc and 
more than 80 db from 40 kc to 200 mc; line voltage 


drop was limited to one volt max. at 1.5 amp - ns . . 
I - os myer at They are available in all lug-type 
400 cycles. ' 


MIL-R-93A styles as well as in five 





sistors, designated Type P, can now 
be obtained in eleven new’ styles. 


Sprague engineers designed this “impossible” dual cir- 


cuit line filter in a case only 316” x 244” x24"! This fil- axial lead types, including several that 
ter not only outperforms units previously designed by conform to MIL-R-93A, Style RB52. 
others in efforts to solve the problem but also occupies Commercial wattage ratings range to 
only two-thirds the cubic space. 3.5 watts at 125 C. Feature is that 

Once a custom-tailored design such as this has been both the bobbins and the encapsulat 
completed and accepted by a Sprague customer, either ing coating of the resistors are made 
production quantities or small runs are readily supplied of the same mineral-filled, pigmented 


with equal facility. 

Let Sprague help you with your radio interference 
problems without obligation on your part. Write, wire, 
or phone the Sprague Electric Company, 11325 Wash- TI At © in A ial 
ington Blyd., Culver City, California (TExas 0-7491) or Fae AE EIDE FSO EE RR 
North Adams, Massachusetts (MOhawk 3-5311). 


epoxy resin. This encapsulation re 
sults in a sealed resistor with maxi 
mum winding area and leakage paths. 






The Sprague Electric Company 
is the World’s Largest 
Capacitor Manufacturer. 
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The Inside Story of CAROL Cable 









In this big, modern factory 
at Pawtucket, Rhode Island.. 4 






High-speed drawing machines draw pure copper rods 
into wire... 
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All these, and many more essen- 


Ce ae 


“= 


tial wire-making operations are 


Fe 


under one roof... one respon- 
sibility ...at Carol’s complete 


je Pes 


cable plant. 


Fine wires are stranded into strong, flexible cables... 
The result: a precision-made line 
of high quality wire and cable 
FF 


a 
| met Moo ae) ine : dustrial applications. For com- 
| 1 


PY 


for electrical, electronic and in- 


ee : plete facts, write or call Carol 
Cable today. 


Selected insulating materials are blended in huge in- 
lb ee 
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Decco gives you a complete 
range of small, short-stroke, 
low-amperage, push or pull 
industrial Type Solenoids 
manufactured with all the high 
quality of Decco Standard Size 
Solenoids. Built to J.I.C. speci- 
fication, Decco Small Solenoids 


for small 


and light 
valving 


are shock-mounted to reduce 
self-destruction, have silicon 
steel laminations for efficiency, 
hardened beryllium-copper 
plunger guide, and heavy 
Formvar insulated magnetic 
wire onhigh flow point molded 


mechanisms 


by excessive flexure of the lugs and 
the epoxy resin used minimizes ther- 
mal distortion, Resistors satisfy MIL- 
R-93A and are said to pass the im- 
mersion cycling tests of JAN-R-93, 
Characteristic A. In typical qualifica- 
tion approval tests, resistors withstood 
24 temperature cycles from —65 to 
100 C, compared to the 5 cycles be- 
tween —55 C and 85 C required 
by MIL-R-93A. Shallcross Manufac- 
turing Co., Collingdale, Pa. 

rcle No. 16, Reader Inquiry f ty e 257 


MINIATURE ELECTRONIC 
CONNECTORS 

Design of lightweight pressure-tight 
connector features molded melamine 
inserts in an aluminum shell for high 
dielectric properties and maximum 
mechanical strength. Weight of the 
panel mounted receptacle is 0.5 oz; 
that of the cable-mounted plug, 1.5 
oz. Contacts are gold-plated over 
silver. Male contacts are of brass; fe- 
male socket contacts of spring temper 
phosphor bronze. Pressure-tight leak- 
age is rated at less than 1 cu in. per 


nylon bobbins. 
SPECIAL SOLENOID PROBLEMS ENGINEERED TO YOUR NEEDS 


DETROIT COIL COMPANY 


2435 HILTON ROAD aise er Le 





















SERVOBIRD 
Is Your Servo Nonlinear? 
Is the Output of Your 
L-F Amplifier Distorted? 


hr at 30 psi. This is achieved by 
means of neoprene rings between the 
molded inserts and aluminum shell, 
and by a neoprene cylinder ring 
around the cable insulation which is 
compressed by a means of a gland 
nut. A threaded coupling ring on the 
cable shell permits easy engagement 
and rapid uncoupling of the con- 
nector to the panel receptacle shell. 
Mating keyways in the aluminum 
shells provide positive polarization. 
Gorn Electronics, 845 Main St., Stam- 
ford, Conn. 

rcle No. 17, Reader 


THE SERVOSCOPE® 
is Your Solution 


The Servoscope gives you phase and 
amplitude characteristics even when the wave 
forms are not sweet and clean sine waves. 
The phase dial is rotated until the 
oscillogram (A) becomes symmetrical, 

as at (B), and presto — you have 

your answer! 


SYNCHRO 

Designed for gimbal mounting in air- 
borne gyroscopic instruments, Type 
Degree and type of distortion are visible, too. SG-17-1-A synchro has a maximum 
For detailed information on how this 
versatile test instrument can save you 


‘ man-hours, write Dept. EM-4. 


' 
: 


NEW HYDE PARK, NEW YORK 


3) 





CORPORATION 
OF AMERICA 
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HERE'S IMPORTANT NEWS! 


For AC or DC motors that pack dependable power into a 
small space—Contact Pesco! 

Whether your problem is one of space, or of weight, 
you will find that Pesco “coordinated-frame” motors will 
give you the one BEST answer to your specific problem. 

To begin with you can rely on Pesco motors to deliver 
dependable maximum rated power—from the smallest and 
lightest practical unit! And Pesco can meet your installa- 
tion and operating requirements exactly by custom building 
your motor from standardized parts—using any of a series 
of coordinated frame sizes. This will provide lower unit 
cost and greatly simplify the problem of stocking service 
parts. 

Pesco engineers will be glad to show you the great 
advantages that Pesco “‘coordinated-frame” motors will 
bring to your product—in installation, in operation, and 
in servicing. Simply call or write the Home Office, Bed- 
ford, Ohio. 





\ 








mitten 


Call or write the Home Office, Bedford, Ohio 
for full information on these outstanding 
PESCO products. 


AGRICULTURAL INDUSTRIAL 


AIRCRAFT AUTOMOTIVE CONSTRUCTION EARTH MOVING 
PRODUCING THE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORS 


PRODUCTS DIVISION BORG-WARNER CORPORATION 
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24700 NORTH MILES ROAD ° BEDFORD, OHIO 
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for VHF, UHF and 


microwave requirements 


Fluorocarbon Plastics — 
Finest Insulating Materials 
Known to the Electronics 
and Electrical Industries. 


DuPont TEFLON and Kellogg 
KEL-F have demonstrated qual- 
ities superior to any other 
insulating materials. These 
fluorocarbon materials are 
used exclusively in Chemelec 
Components. They offer higher 
surface resistivity; 
factor; higher dielectric con- 
stant; wider service tempera- 
ture range; zero water absorp- 
tion; won’t carbonize under 
arcing or DC plate; are chemi- 
cally inert and non-gassing; 
non-flammable; tough, resilient 
to withstand installation, and 
shock and vibration in service. 


lower loss 


Quality Controlled Production 
and Precision Manufacturing 
Assure Maximum Advantages 
from Chemelec Components 


The fluorocarbon plastics used 


YY 


ae ar 
i 


7: Be 
Most complete stock of Quality-Controlled Fluorocarbon 
Materials for the Electrical and Electronics Industries. 


b 


od 





in Chemelec Components pro- 
vide maximum dimensional 
stability. Precision molding 
and machining techniques as- 
sure accuracy well within re- 
quired tolerances. 


COMPLETE LINE 


Chemelec Components, TEFLON 
and KEL-F insulating materials 
and molded and machined parts 
offer a complete service to 
the Electronics and Electrical 
Industries. 


SPECIAL ASSEMBLIES 


In addition to molding and 
machining parts to customers’ 
United States 
Gasket Company also produces 


specifications, 


special assemblies such as air- 
craft electric-motor connectors, 
relay contact plates, high-volt- 
age Dc filters, special terminal 
boards, anode shields, etc. 


FLUOROCARBON PRODUCTS INC. DIVISION 


CAMDEN 1, NEW JERSEY 


ELECTRICAL 


error spread when used as a trans- 
mitter of less than 6 min. Maximum 
depth of type SG-17-1-A transmitter 
is less than 0.500 in.; overall diameter, 
1.625 in. Other specifications: rotor 
input to the synchro, 26 volts, 400 
cps; stator output, 11.8 volts; and in 
put power when loaded with one con 
trol transformer is 0.973 watt. Sensi- 
tivity at control transformer output is 
397 mv per deg. The synchro is said 
to reflect to its shaft no measurable 
cogging effects or mechanical loading. 
Clifton Precision Products Co., Inc. 
Marple at Berkley, Clifton Heights 
Pa. 


No. 18, 


HERMETIC FEED-THROUGH 
rFERMINALS 


Designed for use on relays and other 
units, 14-pin hermetically sealed elec 
trical feed-through terminals are avail- 
able in two sizes: One has an 0.800 
in. diam; the other, an 0.900 in. diam. 
Both types have hook external termi 
nations outside and straight wire in 
side pin treatments. Four pins in the 
center of the terminal extend ‘64 in. 
through the hermetic seal from the 
bottom of the base pl: ite. Ten pins on 
the outer rim extend *8 in. from the 
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Terminals with a 0.500 
in. diam are rated at 1000 volts rms 
the 0.900-in. size, at 1250 volts rms 
Each has a 90-deg flange on the base 
plate. Terminals are designed for soft 
solder connections. They are finished 
in manufacturer's MR fused electro 
tin plate. Both terminals are light 
weight. 

Each pin is fused in glass which, 
in turn, is fused to the base plate thus 
making a_ true 


MANUFACTURING 


hermetic seal. The 





glass to metal seal is rugged and the 
terminals are lightweight. Fusite Corp., 
6028 Fernview Ave., Cincinnati 15, 


Ohio. 
No. 19, Re 


HEAVY-DUTY 

LIMIT SWITCH 

Feature of machine-tool limit switch, 
Class 9007 Type T, is the screw- 
driver adjustment of the basic device 
to obtain 11 different contact operat- 
ing sequences. A variety of operating 
level arms are available which can be 
mounted in any angular position. Only 
a small travel is required to operate 





the switch, but a large amount of 
overtravel (approximately 80 deg) is 
provided in either direction. Die-cast 
enclosures are fully gasketed with 
neoprene, making them water-tight, 
oil-tight and dust-tight. Seven types 
of base plates, as well as threaded 
holes in the side of the die-cast box, 
permit mounting in a variety of posi- 
tions. Square D Co., 4041 N. Richards 
St., Milwaukee 12, Wis. 

No. 20, Re f 


INFINITE CONTROL 
APPLIANCE SWITCH 
Instant heating and infinite control 


are features of automatic Infinite Con- 
trol Flasher Switch, Model 504, de- 
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(Chemelec 


MINIATURE TUBE SOCKETS— 
TEFLON OR KEL-F 


Seven or nine-pin miniatures. 
Saddle or can types. Catalog 
Nos. SO-427 and SO-439. 


STAND-OFF INSULATORS 


Miniature, TEFLON Insulated, 
Screw, Stud, rivet or compres- 
sion mounted. Catalog No. 
TE-400. 


FEED-THROUGH INSULATORS 


Threaded Metal Body Type: 
TEFLON insulated miniature. 
Catalog No. CF-406. 


Gasket Type: Moisture and oil- 
proof. Silicone rubber ‘“O” 
Ring sealed. TEFLON insulated. 
Catalog No. CF-414. 


Hermetic Seal Type: Fused 
Teflon-metal surface permits 
soldering to deck. Hermetic 
solder seal is capable of 
holding a vacuum for sustained 
periods. Catalog No. CF-400. 


CHEMELEC TRIMMERS 
Tubular miniature for low in- 
ductance and straight-line, 


components, parts, 
assemblies, materials 


noise-free adjustment. High 
temperature polystyrene or 
TEFLON insulated. Catalog Nos. 
TR-535 and TR-535X. 


CAPACITOR SEALS 


TEFLON Multi-Bond construc- 
tion with fused fluorocarbon- 
metal surface for hermetic 
solder seal. Catalog No. CA-439. 


SPECIAL TECHNIQUES 


The United States Gasket Co. 
has developed original tech- 
niques for molding TEFLON 
around metallic structures, the 
applying of metal inserts in 
TEFLON, and has developed 
feed-through, stand-off, mount- 
ing and contact hardware to 
the extent that TEFLON can 
now replace any conventional 
insulating material. Send draw- 
ings for estimates of cost. 


CEMENTABLE TEFLON 


TEFLON with specially pre- 
pared surface which permits 
cementing with standard com- 
mercial adhesives. Catalog No. 
MI-443. 


Uz) 
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FABRICATORS OF du Pont TEFLON, Kellogg KEL-F 
AND OTHER PLASTICS 





TEFLON and KEL-F Sheets, rods, tape, tubing, 
bars, cylinders, molded and machined parts. 
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Seven Good Reasons — 





for Specifying Copyflex 


for Your Next Copying 


Machine 








Makes top quality, low 
cost prints fast — in just 


haust ducts— abso- 


® lutely ee 
quiet, and clean. 
\ a 


3 No fumes, no ex- 4 a few seconds. 





Simple to operate 
—anyone can run 


e it easily and well. 


electrical connec- 


| Requires only an 
8 tion to operate. 


Why settle for less when it costs no more 
to own the one machine that offers all the 
benefits of diazo type, positive black-on- 


white reproduction? 


That’s what You get with a Bruning 
Copyflex. You have all the speed, the econ- 
omy, and the quality associated with posi- 
tive black-on-white reproduction . . . plus 
problem-free installation, ease of opera- 
tion, and absence of fumes, exhaust ducts, 


ventilating fans, and similar drawbacks. 










of sensitized papers, 
e cloths, and films. 


H An unsurpassed variety 


free service. 


ers for mobility. 


Model 93 
Copyflex Machine 


Today’s Copyflex machines represent 25 
years of development by men who are 
thoroughly familiar with engineer prints 
and print-making requirements. They are 
made by the Charles Bruning Company, 
who introduced the diazo type direct 
process of reproduction in this country 
in 1929. 

* There is a Bruning Copyflex that will 


exactly fit your requirements. Write us for 


full particulars. 





Copies anything typed, written, printed or drawn 


on ordinary translucent paper—in seconds. 


Precision engi- 
neered for a life- 
time of trouble- 


No permanent in- 
stallation involved 
+ 


— mounted oncast- 


veloped primarily for use on electric 
ranges. When the control knob of 
the electric range is turned to a de- 
sired input, the heating element is 
immediately boosted to the level 
selected at 5000 watts. As the surface 
unit reaches the proper temperature, 
Model 504 automatically changes con- 
nections and sustains the selected 
electrical input at 1250 watts on 115 
volts. The switch also provides an 
infinite number of heat control set- 
tings ranging from approximately 75 
watts to the maximum rated wattage. 

Heart of the switch is a control 
bimetal which regulates both the 
flashing time and running cycles. 
From a cold start, the flashing (5000- 
watt) circuit remains connected for 
approximately 30 sec to bring the 
heating element to full operating 
temperature. The control contacts 
then automatically terminate the 
flashing period by changing connec- 
tions and the assembly operates nor- 
mally at the previously selected tem- 
perature. 

Turning the switch to OFF at the 
end of cooking period automatically 
presets the switch for Flash for the 
next cooking operation. An ambient 
temperature compensator is also pro- 
vided to neutralize the effect of ambi- 
ent temperature changes on the con- 
trol bi-metal. The current-carrying 
spring members of the switch are 
chromium copper; fine silver contacts 
are used in line circuits. 

Tests show that one-half million 
cycles of contact operation (equivalent 
of 10 to 15 years service) produces 
very little contact wear. Dimensions: 
3 x 244 x 1% in. Proctor Electric Co.., 
Philadelphia, Pa. 

No. 21, | 


SINE-COSINE 

POTENTIOMETER 
Three-in. continuous sine-cosine po- 
tentiometer utilizes two wipers spaced 
90 deg apart to furnish full function 
sine-cosine outputs. Potentiometer, 
designated the Type 753, is also avail- 





CHARLES BRUNING COMPANY, INC. © 4700 MONTROSE AVENUE © CHICAGO 41, ILLINOIS 
Everything for the Engineer and Draftsman 
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the best running mate your product can have- | | Hl 
cy 


DELCO 
MOTORS 


With exceptionally long life and 
outstanding quality built in... 
with worldwide recognition and 
acceptance—a Delco motor adds 
a unique plus value to any prod- 
uct it serves. 





Delco fractional and _ integral 
motors are readily available in a 
wide range of sizes to assure you 
of the best running mate your 
product can have. 
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NEW PRECISION SWITCH CATALOG | 


Should be at every design 
engineer's finger tips _ 





swITCHES 
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Write for FREE COPY! 


LEARN THE CONVENIENCE AND ECONOMY 
OF SELECTING FROM 


"The BIGGEST LINE of little switches’”’ 


This completely new catalog gives detail specifications, dimen- 
sions and operating characteristics for a host of standard type 
Acro and Mu precision switches. It was prepared to simplify 
your problems of switch selection. For example, the table of 
contents carries illustrations of each switch cataloged along with 
a brief description of principal uses and page reference to the 
section where full technical details can be found. 

There is no easier or more complete precision switch catalog 
with which to work, just as there are no better switches than 
those found in the complete Acro-Mu line. 

We invite you to write for Catalog 98 today. 


ACRO SWITCH DIVISION 


COLUMBUS 16, OHIO 
Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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able as a straight sine function type 
with a single wiper. It is 1% in. long 
from the front of the servo flange to 
the rear of the cup. Easily ganged up 
to 6 cups, potentiometer provides full 
sine-cosine function in computer ap- 
plications without resorting to me- 
chanical cams and linkage arrange- 
ments. Standard resistance value is 
20,000 ohms per quadrant. Standard 
linearity tolerance, + 0.5 per cent of 
peak-to-peak output. Torque of shaft 
per cup section is 1.5 oz-in. for single 
wiper and 2.0 oz-in. for dual wiper 
at 25 C. All terminals are gold plated. 
Potentiometer Div., Fairchild Camera 
and Instrument Corp., Hicksville, 
N. Y. 
No. 22, 


TURRET TERMINAL 
CONNECTORS 

Series 16T power connectors are de- 
signed for heavy duty service requir- 
ing the current capacities of Ne. 16 
AWG wire. Feature is a required dis- 
engagement force of only 3 oz min 
per contact and 8 oz max without 
sacrificing millivolt drop. Telescoping 
barriers around each contact provide 
extra long creepage paths for high- 
voltage applications. The turret-type 
socket and the pin contacts (available 
in 7, 10, 15, 18 and 20 contacts) are 
made of  spring-temper phosphor 





bronze and brass, respectively; they 
are assembled in a floating, non-rotat- 
ing arrangement which insures self- 
alignment of each contact individually. 
Contacts are silver-plated for low con- 
tact resistance and_ soldering ease. 
Positive wiping action assures clean 
contact surfaces for maximum current 
capacity with minimum voltage drop. 
Three insulating materials are avail- 
able: mineral-filled melamine, Plaskon 
reinforced (glass) alkyd Type 440A, 
and Diallyl Phthalate (blue). Light- 
weight aluminum hoods for positive 
cable support and strain relief are 
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REFRASIL SLEEVING shown actual size 


THE 3 R's OF HIGH TEMPERATURE INSULATION: 


Psa (Alt | 
PAINE) Uf 
SS) 


ei REFRASIL 
7: HAS ALL 3! 
a 


= ~ 
Write or call your nearest Ay Aiba esis representative: 


EASTERN MIDWEST SOUTHWEST 


Fred W. Muhienfeld Burnie L. Weddle Marshall Morris 

6659 Loch Hill Road 3219 West 29th St. 3513 South Drive 

Baltimore 12, Md. Indianapolis 22, Ind. Fort Worth, Texas 
Valley 5-3135 Hickory 8685 Webster 2965 


Represented in Canada by RAILWAY & POWER ENGINEERING CORP 


H. |. THOMPSON FIBER GLASS CO. 


Formerly The H a) 0 
1733 Cordova St., Los Angeles 7, Calif. 
Telephone REpublic 3.9161 
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protects against a World of Electrical High Temperatures ! 


When you specify textile sleeving for critical electrical applications, make 
certain that it can withstand temperatures up to 2000°F. Refrasil Sleev- 
ing performs under such extremely high temperatures! Be sure that your 
sleeving is of high silica content, chemically stable, unaffected by ordinary 
acids, and resistant to fire. Refrasil Sleeving has all of these features! If 
your electrical insulation must perform under extremely high temperature 
or in a corrosive atmosphere, you can depend on Refrasil Sleeving to 
deliver the protection you need! 

For HITCO engineering counsel without obligation, and free sample of 
Refrasil Sleeving, address inquiries to Mr. B. E. Williams, H. I. Thomp- 
son Fiber Glass Co., 1733 Cordova Street, Los Angeles 7, California. 


REFRASIL is available in a variety of physical forms: 


BULK FIBER BATT CLOTH CORDAGE SLEEVING 








QUALITY-ENGINEERED 


Small Motors 





Model A—2-pole 
A.C. Induction 
Type 


FOR USE IN.. 


Ventilating Fans 
Dictating Machines 
Room Circulators 


Recording 
Instruments 


Centrifugal Pumps 
Remote Tuners 
Bathroom Heaters 
Vending Machines 
Animated Signs 


Automatic 
Record Changers 
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(1/60th to 1/500th H. P.) 








Type 


Model D—4-pole, 4-coil, 
A.C. Induction Type 


From drawing board to final assembly line, 
General Industries Smooth Power Small 
Motors are quality-engineered to provide 
years of dependable service in countless 
small-load applications, including those 
listed at left. 


Proof: actual performance records of thou- 
sands of these compact power units in use 
where low original cost, low operating 
cost and low maintenance cost all are im- 
portant factors. 


Write for literature containing dimensions, 
specifications and electrical characteristics 
of these dependable small motors. Inquiries 
also invited for special small motors in 
large quantities to meet specific application 
requirements. 


THE GENERAL 
DEPARTMENT ML e 








ELYRIA, OHIO 


Model C—2-pole 
A.C. Induction 


Model O—2-pole 
Capacitor Type 
(for 6 or 12 or 24 volt 

A.C. only) 


INDUSTRIES co. 


| 





available. Hoods with side or top 
openings may be obtained. Electronic 
Sales Div., DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City, 
N. Y. 


» No. 23, Reader Inquiry Facility, page 257. 


FLEXIBLE COUPLING 


Bonded-rubber flexible coupling is de- 
signed to transn.it a torque of 200 in.- 
lb with 7 deg angular misalignment. 
The rated torque is transmitted in 
uninterrupted service, motion in all 
directions (torsional, axial, radial and 
angular) being accommodated by the 
bonded-rubber members of the cou- 
pling. Coupling is manufactured with 
the elastomer securely bonded to steel 
inner member of the individual joints, 





which provides good stability under 
axial thrust. The rubber shoulders 
project outward, locating the joints 
axially; design of the shoulders also 
provides snubbing protection for 
thrust shock loads. Arrangement of 
the coupling elements in series per- 
mits a soft torsional spring rate pro- 
viding isolation of torsional vibration. 
Length of the coupling can be 
changed to provide the required 
parallel misalignment. Lord Manu- 
facturing Co., Erie, Pa. 


Circle No. 24, Reader Inquiry Facility, page 257. 


NYLON CONTROL KNOB 


Strength of material eliminates need 
for a metal bushing in a control knob 
made of nylon. Designed to fit any 
shaft with a diameter up to % in., 
Model 1341 is a bar-type knob having 
a 34 in. diam at skirt and 1% in. along 
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the bar. The inherently high insula- 


tion characteristics of nylon provide 


excellent insulation bet.. en shaft and 
operator. A tapped hole with setscrew 
is provided for locking knob on shaft. 
Resilient character of nylen provides 
positive locking action of set screw 
when tightened. Knob is available in 
black or red, with the color penetrat- 
ing throughout the material, elimi- 
nating chance of color wearing off. 
Industrial Devices, Inc., 22 State Rd., 
Edgewater, N. J. 
rcle No. 25, Reader Inquiry Facility, page 25 


MINIATURE SERVO 
AMPLIFIER 


Lightweight (15 oz) and elimination 
of need for an external d-c supply are 
features of miniature servo amplifier, 
Type SA118H. The plug-in, hermeti- 
cally-sealed amplifier is designed to 
control a 400-cycle, two-phase servo 
motor requiring a 2-watt input to the 
contro] phase. Amplifier operates di- 
rectly from the output of a tapped 
transformer. Gain is about 7000. Man- 
ufacturer’s Type PS134 power supply, 
designed for operating one Type 
SAI118H is of the same size as the 
amplifier; to reduce space required, 
the bases of these two components 
nest together. 

In order to provide three summed 
inputs of equal gain, the amplifier is 





furnished with three matched one- 
megohm mixing resistors. Maximum 
amplifier plate dissipation is less than 
2 watts, while the plate current varies 
between 5 and 17 ma. 

The 400-cycle amplifier input- 
power requirements are 300 volts for 
the plates of the four tubes and 6.3 
volts (2.1 amps.) for the heaters. De- 
signed for use with the amplifier is 
the Type 171D2-8 damped control 
motor, which gives, over a wide range, 
servo loop stability essentially insensi- 
tive to line frequency. Use of motor, 
with its adjustable linear velocity 
damping, eliminates need for a tach- 
ometer-generator in the servo loop. 
The two units function as a unified 
“controller assembly” for precision 
servomechanism applications. The 
Type SA118H amplifier, working into 
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Aircraft Controls 
Business Machines 
Radar Systems 
Electric Cameras 
Guided Missiles 


Communications 








Transcribers 
Coin Machines 
Electric Toys 
Test Panels 

“4 Computors 
5 Alarm Systems 
Electric Timers 
Tape Recorders 
Generator Controls 


—hundreds of others 


? 


See, RES 
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for countless 
industrial and military applications... 


a ON BP ivsccrvic COMPANY 





Comar relays have consistently 









been “‘approved”’ by leading 
specifications, job-tested 

ney, 
reliability. If you use relays, 
huge manufacturing and sealing 


designers and manufacturers b 

and job-proved for top effi 

it will pay you to contact Comar: 
facilities, will save you time and money. 


of their superior performanc 

dependable operation. 

Comar relays are custom- 

engineered to exact / 
quality constructed for utm 

Our experienced engineering staff, plus 
Send for catalog. 





3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 
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a polarized relay, can also be used in 
very high power discontinuous servos. 
Servomechanisms, Inc., Westbury 
Div., Post and Stewart Aves., West- 
bury, N.Y. 

No. 26, & 


TEMPERATURE DETECTOR 

Fast response time characterizes a 
hermetically sealed, electrical resist- 
ance temperature detector. Designed 
for use with temperature recording 
and indicating and control equipment 
where fast response is a primary re- 
quirement, the detector has an ex- 
ponential time-constant of 0.8 sec or 
better in an agitated water bath. Seal- 
ed in a stainless steel housing with a 
glass-to-metal sealed base through 


, @ 
ey 


S 


which the electrical connection is 
made, the detector offers maximum 
resistance to corrosion and is not 
affected by most forms of destructive 
radiation. Useful temperature range 
is from —70 to 200 C. Temperature 
accuracy is + 1.0 per cent or better 
in mid-scale region. The sensing ele- 
ment is a nickel winding having a 
basic resistance of 90.38 ohms at 0 C. 
Thomas A. Edison, Inc., Instrument 
Div., West Orange, N. J. 

No. 27, | 


DOUBLE-BREAK SWITCH 


The two-circuit double-break basic 
switch, Series TB, is designed to 
control two isolated circuits. By use 
of a snap-action spring almost simul- 
taneous break and make of both con- 
tacts is accomplished, in both the 
normally closed and normally open 
circuits. Because of their small size 
(42 x 4% x 1% in.) Type TB switches 
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In Socket Set Screws 





THE FIRST PARKER-KALON gives you 

Ground Thread 

SOCKET @ GROUND THREADS — at no extra cost. Gage-like preci- 
sion, mirror-smooth finish — uniform, dependable Class 3 


. EWS : 
j ser - tolerance. Mechanics like their easy starting, easy keying. 


© PROVED ASSEMBLY STRENGTH The “proving ground” 
is the millions of assemblies made by thousands of satisfied 


users of P-K Socket Screws, whose products are used every- 
where, many under the toughest conditions of vibration. 


In Socket Cap Screws 
PARKER-KALON gives you 


@ SIZE-MARK — offered only by P-K. Incised on the head 
of each screw, it saves time and wasted screws when sizes 
get mixed up, prevents errors by green help. Maintenance 
and service men like Size-mark, it helps in reassembling. 


© GEAR GRIP Meshing firmly with finger tips, it prevents 
slipping and fumbling when hands are oily, speeds starting. 


@® MAXIMUM STRENGTH Head, socket, and threads are 
accurately formed by Parker-Kalon’s cold-pressure process. 
Steel structure ‘flows’ to conform to all contours, assures 
maximum strength at points of greatest stress. 

‘ ONLY 
'Size-Marked 


SOCKET 
CAP SCREWS 


In all Socket Screws 
PARKER-KALON gives you 


© GUARANTEED FIRST QUALITY Based on tests and in- 
spections at every step in production — an exacting routine 
of quality control supervised by P-K laboratory Technicians. 


@ FULL RANGE OF STYLES AND SIZES You'll find any 
Socket Screw you need, NC or NF, in P-K’s complete line, and 
Hex Keys in all sizes, and in several handy sets. Ask your 
P-K Distributor for the P-K Price List, Catalog, — any informa- 
tion you need. Slide chart Socket Screw Dimension Finder Free. 


your local Supply and Service Specialist 
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* ‘HI-AC-CEL’’ Low Inertia A.C. Servo Motors 


o 


~ SPECIFICATIONS: 


Diehl Number: 
FPE 25-79-1 


10 Watts 
Maximum Output 


115 Volts 
Main Phase 


115 Volts 
Control Phase 


2 Poles 
2 Phase 


12.5 oz.-in. 
Locked Torque 











23.0 oz.-in. Torque 
at minus 3000 
R.P.M. 


.125 oz.-in.2 
Moment of Inertia 


Priced 
at only S 


$30.00 





1.6 Ibs. in Weight 





38,600 Radians per 
Second2 Theoreti- 
cal Acceleration 


This newly designed Diehl “HI-AC-CEL” Servo Motor affords 
high response and is suitable for a broad range of military 
and industrial servo-mechanism applications. 


FEATURES: 
1. Cogging (Slot effect) is Negligible 
2. No Single-Phasing 


3. Speed-Torque curve extends into the negative speed range 
at approximately the same slope. 


Diehl “HI-AC-CEL” Servo Motors are obtainable in ratings from 5 to 
25 watts output with standard 115 volt control phase windings and also 
with high impedance control phase windings. All ratings can be furnished 
with either A.C. or D.C. integrally mounted tachometer generators. 


Our wealth of experience in producing quality motors is at your service 
to help you select the unit best suited to your specific requirements. 
Copy of Technical Manual No. EM- 0454 describing Diehl Servo Motors 
and related equipment is yours for the asking. 


en Other Available Components: 
D.C. SERVO SETS @ RESOLVERS 
ie MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING CO 


Finderne Plant, SOMERVILLE, N. J 





are useful in reversing circuit appli- 
cations where space is a factor. Two 
screw terminals (one normally open 
and one normally closed) extend from 
either end of the phenolic case. The 
terminals are plated for soldering, tor 
applications in which switch is used 
without the screws. Two 0.101-in.- 
diam holes on a 0.520-in. center are 
provided for mount'ng the switch in a 
fixed position. The switches are rated 
at 10 amp at 125 or 250 volts a-c, 
and 10 amp at 30 volts d-c, inductive. 
Micro Switch, Div. of Minneapolis- 
Honeywell Regulator Co., Freeport 
Il. 
No. 28, 


MINIATURE ELECTRONIC 
CHOPPER 

Electronic chopper, Model 207, oper- 
ates on a new design principle involv- 
ing the modulation of d-c voltages 
by alternate illumination at line fre- 
quency, of the photo-conductive ele 
ment in a voltage divider. Advan- 
tages provided include: no drift, with 
no applied voltage; also, no output 
can be produced by _ resistance 





changes. Noise is less than one milli- 
volt referred to the input. Unit can 
be used in servo-mechanisms, comput- 
ing devices, electronic control systems 
and other equipment. It is designed 
to operate satisfactorily for a mini- 
mum period of 3000 hr. Dimensions 
are: % x % x 2 in. Weight 1.6 oz. 
Avion Instrument Corp., Div. ot 
American Car and Foundry Co., 299- 
24 State Highway No. 17, Paramus, 
N. J. 
No. 29, 


ELECTRO-PNEUMATIC TIMER 
Electro-pneumatic timer can control 
the action of air cylinders in a wide 
variety of sequences. Unit illustrated 
operates 12 single-acting or 6 double- 
acting cylinders; by increasing the 





Atlanta Baltimore Boston Chicago Detroit New York Philadelphia Worcester 


number of rotors and cams a larger 
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Dust-Sight 


® 
a 
. 


C “ ND U LET electrical installations 





Me, 
4 


bff BY (0) dS 
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Crouse-Hinds Dust-Tight CONDULETS 

installed on an automatic checkweighing 

machine for 20 m. m. ammunition —ina 
Class I! Hazardous Location. 


Machines that operate in locations where combustible dust may be 
present must have electrical installations that meet the requirements 
of the National Electrical Code. This gives you protection against 
disastrous explosions and fires and assures uninterrupted service. 


For nearly fifty years Crouse-Hinds has manufactured CONDULET 
electrical equipment of the highest quality, designed to meet Under- 


writers’ Laboratories standards for both ordinary and hazardous 
locations. 


If your machines operate in any hazardous location — atmospheres 
containing flammable gases, vapors, dusts, or flyings — take advantage 
of Crouse-Hinds offer to send you a FREE copy of Bulletin 2655. It 
contains a complete copy of the Articles in the National Electrical Code 
pertaining to hazardous locations, with many useful tables, diagrams, 


photographs, and suggestions for selecting the correct equipment to 
meet these Code requirements. 


Send for your copy of this valuable reference bulletin today! 


*CONDULET is a coined word registered in the U.S. Patent Office. 
It designates a product made only by the Crouse-Hinds Company. 


CROUSE-HINDS COMPANY 


eames Syracuse 1, N.Y. 
T E t OFFICES Amarillo — Birmingham — Boston — Buffalo — Chicago — Cincinnati — Cleveland 
Dallas — Denver — Detroit —- Houston — Indianapolis — Kansas City — Los Angeles — Memphis 
te Milwaukee — New Orleans — New York — Philadelphia — Pittsburgh — Portland. Ore 
“As San Francisco — Seattle — St Louis — St Paul — Tulsa — Washington 
if HIN) RESIDENT REPRESENTATIVES Albany — Atlanta — Baltimore — Charlotte — Chattanooga 
ib ZS Corpus Christi — Reading. Pa — Richmond. Va — Shreveport 
SC 


Crouse-Hinds Company of Canada. Ltd. Toronto. Ont 


CONDULETS : TRAFFIC SIGNALS: AIRPORT LIGHTING: FLOODLIGHTS 
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number of cylinders could be handled. 
The timer consists of a small electric 
motor which is geared to a revolving 
shaft. Mounted on the shaft are a 
series of rotors, each provided with 
four adjustable cams. As the cams 
revolve with the shaft, they trip mini- 
ature poppet valves, which convey a 
compressed air impulse to the operat- 
ing valves. In addition to the varia- 
tions in the cycle obtained by moving 
the cams, the duration of the cycle 
can be regulated by changing the 


| motor gears. A set of 10 quick-change 

| gears permit cycle variations from 3 
to 33 sec. A lock-out lever permits 

| instant change from continuous opera- 
tion to separate pushbutton opera- 
tions. Mead Specialties Co., Dept. 
S-10, 4114 North Knox Ave., Chicago 
41, Il. 


ircle No. 30, Recder Inquiry Facility, 1 
by FELTERS 
PRESET COUNTER 
DOES THE JOB RIGHT All-electronic Model 164 Preset 


Counter is designed for controlling 
Wicks that pull oil in — washers that keep dirt out — | automatic machinery over a_ wide 
are two of many jobs done by Felters Felt, range of rates or operating speeds. At 

to keep equipment in good operating condition. 


Hard enough to be ground and chiseled, soft enough FELTERS S.A.E. F-1 FELT 
to buff a jewel — or any texture in between — each is a grade suitable for oil reten- 
shipment of Felters Felt is uniformly controlled tion where the felt is not com- 


to exactly meet your specs. pressed, for feeding light oil, or 
where unusual strength and 


The ‘‘Felters Design Book” contains interesting hardness are required. Often 
information about several grades of Felt and their — "ecommended for use in resist- 
: ing wear and abrasion. 

uses. We will be glad to send you a copy. iat ae aaah aa ce eal 

Write today. THE FELTERS CO., Ae 


Felters Felt produced for specific 


205:South St., Boston 11, Mass. applications. 


FELTERS FELT 


— ... by the roll... by the yard 
; -.. Or cut exactly as you want it 





_ 


TO WASHERS 








the instant a predetermined value of 


&pa count is reached, the instrument pro- 
B es » vides an electric circuit closure. This 
may be applied to start, stop, divert, 


S S&S & modify or measure a continuous proc- 


ess flow, operate an alarm, record a 
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Revere control instruments have shared the responsibility Extensive research and development facilities coupled 
and achievements of the aircraft industry since 1939 with with precision production methods contribute immeasur- 
years of dependable performance under all types of ably to Revere’s reputation for highest quality control 
weather conditions. Today Revere is recognized as one of instruments. Contact Revere’s field engineering department 
the foremost producers of precision instruments. You'll today. Let qualified engineers assist you with your liquid 
find them installed in many world-famous airplanes. or electro-mechanical control problems . 


FUEL FLOW SWITCH 

sy oTTato LRAT Il Lal t- MS A Che Ml 
use in the auxiliary fuel line of 
the McDonnell F2H-3  twin-jet, 
carrier-based fighter. This instru- 
ment transmits a warning signal 
whenever fuel flow falls below a 
yee Ci -Taa stall M1 Tal 
Bulletin No. 1400 


FUEL FLOW TRANSMITTER 

The Revere Fuel Flow Totalizer is 
an integral part of the fuel sys- 
Te 14-1 Md 
flow in the T-33's jet engines. The 
flow totalizer can be used on 
piston engines, diesels or test 
stand operations. Send for Bul- 
letin No. 1300 


LIQUID LEVEL SWITCH 
Republic's F-84G Thunderjet, first 
USAF fighter-bomber to refuel in 
mid air, has Revere's Liquid Level 
Switches installed in their fuel 
tanks. This hermetically-sealed, 
magnetically actuated switch pre- 
sents a new standard of safety. 
Send for Bulletin No. 1100 


FLOAT SWITCH 

Boeing's B-47 Stratojets have Re- 
ela als Slt: 
all fuel tanks to maintain high- 
level fuel control, These switches 
SoD lM eal MO Meal CMT? 
dual float systems with levels set 
ME al Lda ee al Tae 
No. 1200 


FREE BULLETINS! 


ee = 


REVERE CORPORATION OF AMERICA 
WALLINGFORD 2, CONNER Pe CUT, U.S.A. 
precision instruments for aircraft and industry 
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INDICATOR—RADIO AND TV DIAL—AUTO—MOTOR COACH—AIRCRAFT @ 9‘\tmeu fe) 4 €) 
OPTICAL—SURGICAL a 
1500 N. OGDEN 


Pe TCU 
1a 

























JELLIFF 
[\LLOY Q@@ RESISTANCE WIRE 


for miniaturized precision-instrument components 


the ideal resistance wire for 





fixed and variable resistors of high ohmage — resistance 

boxes and bridges — voltmeter and wattmeter multipliers 
- 

— and other miniature wire-wound units. 





Where space is at a premium and performance is a 
“*must’’ — these outstanding qualities of Jelliff Alloy 800 
will assure that your products conform to the tightest specs. 


High resistivity, 800 ohms/emf — Low Temperature Co- 
efficient, +20 ppm per °C—Non-Magnetic—Highiy Stable 
Electrically and Mechanically — Diameters from 0.0009” 
to 0.0056” Bare, enameled or oxidized, or insulated 
with silk, Nylon or cotton — Solders and Winds easily. 















For Complete Data Address 
Department 25 


ELECTRICAL 


batch, or otherwise provide conclusive 
action as a result of the complete 
count. 

Recycling, at the instant the pre- 
determined count is reached, may be 
automatic or by independent control. 
An electro-mechanical register permits 
recording of one million of the pre- 
determined counting cycles. Instru- 
ment may be used to count revolu- 
tions, strokes, electrical 
similar impulses which recur regu- 
larly or irregularly at rates between 
zero and 5,000 counts per sec. As a 
straight counter it will record up to 
10 billion units. Model 164 can be set 
to respond to input impulses of either 
polarity and any voltage between 4 
and 60 volts derived from a trip wire. 
pressure or cam switch, relay contact, 
photocell, magnetic pickup, crystal 
pickup, strain gage or similar trans- 
ducer. Atomic Instrument Co., 84 
Mass. Ave., Cambridge 39, Mass. 

No. 31, Ri it 


signals o1 


PRESSURE TRANSMITTER 

Small, potentiometer-type pressure 
transmitter, in which the potentiom- 
eter is isolated from the actuating 
pressure, is designated Model GPT. 
It is available in pressure ranges of 
15 to 80 psi. Although Model GPT is 
designed primarily as an absolute 
pressure instrument, gage and differ- 
ential-pressure types are available 
which can be operated by both at- 
mospheric and fluid pressures. In 
Model GPT, a pressure-sensitive bel- 
lows moves the brushes of one or two 


precision potentiometers. Output is 





linear with pressure. Potentiometer 
winding and made otf 
precious metal alloys for noise-free 
output and long life. Resistances be- 
tween 2000 and 15000 ohms can be 
furnished; 5000- and 10000-ohm_ po- 
tentiometers are standard. Applica- 
tions include use in industrial control 
equipment, aircraft 
and in air computers. 

Specifications include: current  rat- 
ings, 7.0 milliamp for standard po- 
tentiometers; resolution, 0.34 per cent 
of full scale for standard potentiom- 
eters; and linearity, 1.0 per cent of 


brushes are 


control circuits 


MANUFACTURING 






ESNA 


TRADE MARK A 


-LOCKIN 


SR ae ae RN ARR ENG RRL NRE UR 2 oS CN TORT 






ELASTIC STOP NUTS 


hex type 


...with the famous red elastic collar ...the slotted tubular steel pin 
of nylon or fiber with chamfered ends 
For heavy duty applications where Vibration-proof spring pins replacing 
precise adjustments must be main- rivets, set screws, straight, serrated 
tained against severe vibration or cotter pins, dowels 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 








Elastic Stop Nut Corporation of America 
Dept. N21-422, 2330 Vauxhall Rd., Union, N. J. 


Please send me the following free fastening information: 








* [] Elastic Stop Nut Bulletin (0 Here is a drawing of our 
Yt \ go Rollpin Bulletin product. — fastener would 
) you suggest: 
[] AN-ESNA Conver sion Chart 

/ ' 
/ Name-_ i a al meta sts naming tsststieapheieceaipeiiids 
Firm ees ins 
I se cricietcencctinas | 
ea icant ian deinigmniabapa NG isccnanticmncinguagi | 
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DIELECTRIC TESTING AT 


PERMACEL 





Cal 
Sixemi ow ies... 


estes 


with Industrial Instruments: 


HIGH-VOLTAGE BREAKDOWN TESTER 


To assure uniformly high-quality of their product, the 
Permacel Tape Corporation, manufacturers of indus- 
trial type tapes, employ an Industrial Instruments 
high-voltage breakdown tester. Samples of the com- 
pany’s products are constantly being checked for 
dielectric characteristics in a safe, accurate method 
with this instrument. 


The Industrial Instruments high-voltage breakdown 
tester has found countless applications in laboratories, 
factories, and research centers. It provides a means 
of controlled measurement of dielectrics, with a wide 
voltage range available. The particular model pic- 
tured at the Permacel Tape Corporation is rated at 


50,000v.-2KVA. 


As with all Industrial Instruments products, operation 
of the high-voltage breakdown tester may be done 
with either technical, or non-technical personnel. A 
wide variety of standard test jigs are available, while 
special jigs can be designed to fit your needs as to 
mechanical, electrical, temperature, and humidity 


requirements. SEND FOR YOUR COPY OF THE INDUSTRIAL 


INSTRUMENTS ELECTRIC TEST EQUIPMENT 
CATALOG... 


TUT LLL LL 


89 COMMERCE ROAD, CEDAR GROVE, N. J. 
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full scale. Full-scale hysteresis is 0.5 
per cent max; static friction, 0.5 per 
cent of full scale (max). Operating 
temperature range extends from —50 
to 90 C. Instrument can withstand a 
steady-state acceleration of 40 g. 
Genisco, Inc., 2233 Federal Ave., Los 
Angeles, Calif. 


Circle No. 32, Reader 


SPRING STEEL FASTENER 

Arched spring steel fastener, which 
slips easily over unthreaded studs or 
rods and locks with a quick push of 
an inexpensive applicator, is designed 
for use on nameplates and other light 
parts. Spring tension pulls parts snug- 





ly to base; gripping tangs hold tightly 
against rattling or loosening in serv- 
ice. Designated Type F Pushnuts, 
fasteners are available for %p:-in., 
¥g-in., and *4¢-in., unthreaded studs or 
rods, in plain steel, Parkerized or 
cadmium finishes. The Palnut Co., 61 
Cordier St., Irvington, N. J. 

Circle No. 33, Reader Inq 
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TERMINAL BLOCK 

High-current terminal block, the series 
R, is available in three types: Type R 
(rated 35 amp, 750 volts), with No. 10 
brass washerhead terminal screws for 


Aaae a 
6 Type “8” 
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Type “RH’ 
Type “RHR” 
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4 ““Mighty-Mite” could be name 
of this pocket-size gear motor, 


Motor with inbuilt gear reduc- 
tion for slow-speed devices, 





Heavy-duty turbine driven by 
a high-speed universal motor, 








low-weight, powerful 
motor for fan or 


similar service. Precision built motor... 
ww ideal for instrument use, 





For applications requiring 
intermittent high torque 





and space economy, 


CONSIDER HIM A MEMBER 


OF YOUR Engineering Staff. 


Many companies are finding it quite helpful teamwork is while your product is still in the 
to call in the Lamb Electric district engineer blueprint stage. 
for suggestions, when designing a new motor- 


THE LAMB ELECTRIC COMPANY 
driven product or redesigning an existing one. 


KENT, OHIO 
7 In Canada: Lamb Electric — Division of 
Through close cooperation of the manufac- Sangamo Company Ltd. — Leaside, Ontario 


turer's engineering department and Lamb Elec- 
tric engineers, such advantages as reduced 
costs, improved appearance, greater compact- 
ness and lower weight are often obtained. 


The time to realize the full benefit of this 





fie THEY'RE POWERING “AMERICA'S “/éxe? PRODUCTS. 
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wire sizes up to No. 10 AWG; Type 
RH (50 amp, 750 volts), with high- 
pressure solderless connector for wire 


| sizes from No. 8 to No. 18 AWG; 
and, Type RHR, consisting of any 
combination of Types R and RH in 


the same block. 


Blocks are 1% in. wide, with ter- 

minals spaced on standard %s in. cen- 

r me nl OT | ters. Feature is the universal 3-hole 
mounting brackets integrally molded 


with end partitions to provide: elimi- 
nation of the conventional assembly 


stud to increase length of creepage 
OW ul in path to ground; maximum accessibil- 
ity of the central mounting : 


hole: 
J FL elimination of corrosion problems; and 


mechanical strength. A white marker 
i& CO} | rp | strip is provided for circuit identifica- 
tion. Curtis Development & Mfg. Co, 
3266 North 33rd St., Milwaukee 16, 
Wis. 
rcle No. 34, Reader iry Facilit 






MIDGET VIBRATOR 


Having a total weight of 0.6. oz, 
midget vibrator is primarily designed 
for miniature flashlight-cell-operated 
power suplies for use with radiation 
measuring devices, photo multiplier 
cells, and infra-red detection equip- 
ment. Developed by manufacturer in 
cooperation with Squier Signal Labo- 
ratory, Signal Corps Engineering 
Laboratories, vibrator has a driving 
coil voltage of 1.5, 3, or 6 volts d-c 


Business has been good. The demands of you 
designers, engineers, purchasing men, and others 
have made this new building necessary. 


The confidence you've shown is appreciated. 


You can be sure, when you need small diameter 





spiral wound paper tubes of hi-dielectric kraft, fish eh lattes 

paper, plastic film, or phenolic impregnated, your 

requirements can be met with superb service at and operates on coil power of less 

the lowest possible cost ... and you already know | a . watbentts The vibestor fea 
ures ull - Wave non - synchronous 

pet the quatity of Stone. driver-type construction, It has a fre- 

Let us hear from you soon quency of 100 cycles and total time 


efficiency of 80 per cent. Its seated 
height is 1% in.; diameter is % in.; 


total volume 0.675 cu in. Weight 
TONE PAPER TUBE CO. yi ; 


| of vibrator assembly is 0.3 oz; total 
AFFILIATED Witt | weight of complete structure in 
TONIZED PRODUCTS coe.. INC. container is 0.6 oz. The subminiature 
900-922 Franklin Street, N.E., Washington.17, D. C. | vibrator is designed to fit a 7-pin 
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A NEW CONCEPT OF ACCURACY IN THE | PRODUCTION OF ALLOY STRIP 






---for all critical applications- 
electrical, electronic, instrumentation 


SRR ete cease ns ommenong 





a 
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This new plant was designed and built for 
the production of alloy strip of the highest 
accuracy. It is equipped with the finest 
machinery available for the task. Send- 
zimir Mills assure FREEDOM FROM 
CROWN. Skilled operators, with years of 
experience, roll to close tolerances and 
produce finishes to highest STANDARDS. 


A group of experienced engineers is avail- 
able to select the correct alloy for your 
application. 


WILBUR B. DRIVER €O.°) 


NEWARK 4, NEW JERSEY 
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1 W ’ miniature tube base. American Tele- 
7 y vision & Radio Co., 300 East Fourth 
4 “He XN a St., St. Paul, Minn. 

x st0 :  ——«—»~ Circle Ne. 35, Recder ina 
ts > 


TELEPHONE-TYPE SWITCH 
| Telephone-type switch, the Telever, 
features T-beam trame construction. 
It is available with contact arrange- 
ments in 2 and 3-position types. Di- 
mensions are: 4% in. long (overall) x 
| lige in. x ™%e in. The switch is de- 
| signed for applications requiring light- 
~ | weight but rugged construction. Three 
| heavy steel stampings are press- 
| welded utilizing the natural forming 
| radius in the steel frame, to locate the 
stainless steel pivot pin of the lever. 







*85° Ambient—40° Rise. 


These rugged, compact transformers have been 
designed in close cooperation with organiza- 
tions directly concerned with the develop- 
ment of standards for aircraft communication, 
guided missile and related equipment. They 
are engineered to meet future, as well as cur- 
rent requirements for 400 cycle power supplies. 





| Nylon rollers on the lever actuate the 
nickel silver springs. Long springs 
POWER TRANSFORMERS (All primaries 105/115/125 V., 380-1000 cycles) without any forms at point of flexing 
































assures dependable spring life. Inte- 
HIGH VOLTAGE SECONDARY | RECTIFIER FILAMENT | OTHER FILAMENTS | CATALOG ae eels cia 
A.C. Volts & Volts ion, NUMBER gral tinned solder lug terminals are 
another construction feature. 
270-0-270 55 63¢T 2 4PHC-55 Rati ger oe gene 1 
335-0-335 70 63CT 3 4PHC-70 ating of welded cross bar pal- 
375-0-375 120 63CT 4 4PHC-120 ladium contact, 3 amp, 120 volts a-c, 
oe 7 x! ee non-inductive load. Insulation consists 
2 ic. | of natural paper base phenolic spacers 
450-0-450 200 6.3 4 4PHC-200A | and tubing in stack assembly. Spacers 
.. co can be fungicide-treated. Switchcraft, 
550-370-75-0. 300 6.3 5 4PHR-300 Inc., 1328 N. Halsted St., Chicago 22, 
75-370-550 6.3 1 1] 
Circle No. 36, Reader Inquiry Facility, page 2‘ 






INDUCTANCE 
(henries) 





CATALOG 
NUMBER 








ADAPTABLE SMALL MOTOR 











ARH-255 

2.0 A4RH-270 ; el 

20 ARH-2120 Series motor, Model 512, is die cast 
2.0 4RH-2165 from Zamak No. 3. Housing is ribbed 
2.0 4RH-2200 


for greater strength. Motor is made in 
both open or closed construction. It 
is also available as a shunt motor. 
Optional features include: an internal 
fan; 10 gear units with a wide range 


4RH-2300 








4FH-63 
4FH-65 
4FH-610 
4FH-620 


6.3 CT 
6.3 CT 


Write for Chicago Bulletin #32 listing more complete specifications on these units, 
specially designed for 400 cycle, high-temperature operation. 








DD sh int at Tap 


CLM a aa 





3501 ADDISON STREET * CHICAGO 18, ILLINOIS 
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USE CLEVELITE 


to make a good product better 
. and at lower costs! 


SERVICE 


Our Design and Production Departments 
are geared to customers’ needs in every 


way. Deliveries are prompt! 
WRITE to The Cleveland Container Com- 
pany plant nearest you for a copy of our 


CLEVELITE brochure . . . of value to 
every Engineering Department. 


* Reg. U. S. Pat. Off. 
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eC LEVELAND CONTAINERG 


PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wisc., Ogdensburg, N. Y., Jamesburg, N. J. [§ 


PROVEN 


IN HUNDREDS OF CRITICAL 
APPLICATIONS EVERY DAY 


QUALITY 


TO MEET UNLIMITED 
NEW APPLICATIONS 


CLEVELITE* 


LAMINATED PHENOLIC TUBING 
Moisture Resistant 
Mechanically Strong 

High Dielectric Strength 
Dimensional Stability 
Low Loss Factor 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


REPRESENTATIVES 
NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. 
NEW ENGLAND _. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. [5 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO /< 
WEST COAST IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES ie 
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SAVINGS 


to VOLUME users 
of small parts 


thanks to 
MULTI-SW AGE 


If you need small tubular metal parts 
like these in large VOLUME, Bead 
Chain’s MULTI-SWAGE Process can 
mean important savings to you. 


Much Cheaper Than Solid Pins 


Many prominent users of solid pins for 
electronic and mechanical purposes 
have cut costs by switching to Multi- 
Swaged tubular pins . . . without sacri- 
ficing strength or accuracy. 


Typical Applications— 


As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of products such as 
Business Machines, Ventilator Louvres, 
Toys, Radio and Television Apparatus, 
Terminal-boards, Electric Shavers, 
Phonograph Pickups, etc. 

Send part (up to 4” dia. and to 114” 
length) and your specs for a quotation 
or write for DATA BULLETIN. 


® 


THE BEAD CHAIN MFG. CO. 


13 Mountain Grove St., Bridgeport 5, Conn. 
Manufacturers of BEAD CHAIN— the kinkless 
chain of a thousand uses, for pull and retain- 
ing chains and other industrial uses; plumbing, 
electrical, jewelry, fishing tackle and novelty 


products. 
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of ratios; automatic governor controls 
for two speed, single speed or adjust- 
able speed; and an automatic or 
manual motor protector that can be 
built into Either porous 
bronze self-aligning sleeve bearings 
with oversized felt oil reservoir or pre- 
cision grease-sealed ball bearings are 
available. Motor can be mounted on 
base or face-mounted. -Typical appli- 
cations: contro] 
operated 


housing. 


mechanisms,  coil- 
machines. movie 
projectors, radar equipment, railroad 
signaling devices, and other units. 
Howard Industries, Inc., 1760 State 
St., Racine, Wis. 

No. 37, Re 


vending 


MINIATURE POLARIZED 
CONNECTORS 

Two new series of miniature circular 
connectors feature positive polariza- 
tion and shielding. Polarizing is ac- 
complished by means of a keyway 
in the receptacle and a key on the 
plug; contacts cannot mate unless plug 
and receptacle are aligned. Units are 


kept mated against vibration bv a 





locking device. Pin contacts are pro- 
tected against breakage by an enclos- 
ing shell, which is made of aluminum, 
with an Iridite finish to permit its use 
as a shield. One series is equipped 
with 1 to 4 contacts, and is available 
with VR 4/2 ABI receptacles, VP 4/2 
BC1 plugs and VS 4/16C4 hoods. 
Shell has an % in. OD. The second 
series is available with 5 to 9 con- 
tacts; shell has a 2%2-in. O.D. Con- 
tacts on both series are silver-plated 


|] 
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MAGNETIC AMPLIFIERS 
These high gain, high per- 
formance Magnetic Ampli- 
* fiers are especially suitable 
to drive two phase induc- 
tion servo motors requiring 
from 0.1 watt to 20 watts 
per phase on either 400 
eps or 60 cps powerlines. 
The output power is either 
in phase or 180 out of 
phase with the powerline 
depending on the D.C. input signal polarity. 


-—— eS eS 
. 


oa = 


DATA SHEETS 
AVAILABLE 






STANDARD 
TUBELESS SERVO AMPLIFIERS 


with built-in adjustable SERVO 
LOOP STABILIZATION. Packaged, com- 
pletely self-contained, magnetic servo ampli- 
fiers for position servo systems where either 
A.C. or D.C. error signals are available. De- 
signed for instrument type and power type 
servo systems to work with synchro control 
transformers or potentiometers and two phase 

induction servo motors. 


New Automatic Universal 


TRANSISTOR 
TRACER 


USES 


Designing 
transistor. clir- 
cuits — com- 
paring, match- 
ing and select 
ing — detect- 
ing anomalies 
— studying ef- 
fects of tem- 
perature, age, 














WRITE FOR normal usage, 

over-loading — 
ee detecting fail 
INFORMATION 


ures and 
cause. 


MAGNETIC 
AMPLIFIERS - INC 


An Affiliate of General Ceramics & Steatite Corp 


632 TINTON AVE., NEW YORK 55, N. Y. 
Telephone: CYPRESS 2-6610 
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EL SEGUNDO 
CALIFORNIA 


POWER RECTIFIERS 
Widest range in the Industry 
Power Factor 95% 


Ratings to 250 KW 
Efficiency to 87 Y, 
Write for 


, it ; Bulletin : . . 
HIGH VOLTAGE ¢-349 MINIATURE 


RECTIFIERS 
Holf-wave, Full wave and 
Voltage Doubler Units. 


Input Ratings from 25 to 
195 volts AC. 


DC Output Current from 
65 ma to 1200 ma. 


Write for Bulletin ER-178 


RECTIFIER 
CARTRIDGE TYPE 


Case Diameter: From 1/,” to 11/, 














Length: From 1/2” to 12”. 
Current, Half-wave: 1.5 ma to 60 ma 
Voltage, DC Output: 20 volts to 
200,000 volts. 


Write for Bulletin H-1 


cP Tita IM Oliil tT VA cle lil Nae et ee tee) C-- eo 


Chicago Branch Office: 205 West Wacker Drive © Phone: Franklin 2-3889 
New York Branch Office: 501 Madison Avenue @ Phone: Plaza 5-8665 
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Indifference — whether it’s under 
4% the “big top” or on the 
production line —is inexcusable 
and often fatal. You simply can’t 
afford to take chances with a 
hard won reputation for quality 
performance. That’s why we 
say it’s a pretty good rule to stick 
to a solder you know and trust 
...time-proved Kester Solder, 
constant in solder alloy and 
always a consistent flux formula. 


For the right Solder . . . the exact Solder you require . . . choose 
KESTER, the job-engineered Solder — 8 Fluxes in Core Solder, available in 
5 core openings. Also remember: Kester Solid Wire 
and Bar Solder, Kester ‘‘Solderforms” and separate Fluxes. 


KESTER 


SOLDER COMPANY 


4209 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY; BRANTFORD, CANADA 








and gold-flashed for maximum conduc- 
tivity and corrosion resistance. Viking 
Electric, Electric, 1061 Ingraham St., 
Los Angeles 17, Calif. 

No. 38, Reader Inquiry f 


TOROIDAL COILS 


Adherence to close tolerances charac- 
terizes toroidal coils in coil sizes rang- 
ing from 1 in. ID with No. 17 wire, 
to 2 in. ID with No. 10 wire. Core 
sizes range from % to 10 in. ID, with 
heights up to 34% in. Wire sizes Nos. 
10 (0.1019 in.) to 42 (0.00249 in.) 





have been handled with 100 per cent 
turns accuracy or an inductance of 
+2 per cent. Coils are wound, im- 
pregnated and cased (if required) to 
customer requirements or to conform 
to MIL-T-27 specifications. Universal 
Mfg. Co., Inc., Michigan and Monroe 
Aves., Kenilworth, N. J. 


Circle No. 39, Reader Inquiry Facility, page 257 


SMALL STROKE COUNTERS 


Small, reset, stroke counters, desig- 
nated Junior Kings, were developed 
for built-in applications on office ma- 
chines and other light equipment. 
Counter is 1'%¢ in. wide, 1% in. high 
and 14%, in. long. Mounting feet 
extending the full length of the 
counter, with elongated openings, 
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for convenient 
point-to-point 
wiring... 


NEW! 


MINIATURIZED 5 AND 10 WATT WIRE-WOUND RESISTORS! 
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Here are two truly miniaturized self-mounting 

wire-wound power resistors to simplify your 

TV and industrial electronic production where 

space is a factor. They’re ideal for point-to- ; ; 
is ; You can get these outstanding new Blue Jack- 

point wiring, terminal board mounting, and ' : : 

et Resistors without delay in any quantity you 


processed wiring boards, where they fit in ad- 
’ a require. Sprague Engineering Bulletin 111 
mirably in dip-soldered subassemblies. , 
: : gives full data on these and all other commer- 
Axial lead Blue Jackets are rugged vitreous , 
' cial Blue Jacket Resistors. Send for your copy. 
enamel power resistors built to withstand the 
severest humidity performance requirements SPRAGUE ELECTRIC COMPANY 
As for economy, these newest members of the 307 Marshall Street, North Adams, Mass. 
Sprague Blue Jacket family are low in cost... 
eliminate need for extra hardware... save time SPRAGUE WATTAGE DIMENSIONS 
and labor in mounting! TYPE NO. RATING LL (inches) D 


iL 3 
PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT 


NORTH ADAMS, MASSACHUSETTS 


EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS CABLE: SPREXINT 


















27E 5 1% % 17,5000 
28E oo. % 35,0000 














Standard Resistance Tolerance: +5% 








In CANNON 
“UA” Audio 





wee Ss 
. & gold-plated contacts 
ee really pan out! 


<2 Yes! You get immense satis- 

faction from gold in any form...and particu- 
larly from the performance of the gold-plated 
contacts in Cannon’s modern “UA” Series of 
audio connectors. 

Contacts are heavily gold-plated over stand- 
ard silver plate...not just “flashed” with a 
light coating of gold. You get maximum protec- 
tion from oxidation and deterioration in vital 
audio circuits...absolute reliability. Cannon 
has furnished gold-plated contacts for years. 

Cannon “UA” Series of audio connectors 
are the result of the combined efforts of Cannon 
engineers and outstanding RETMA audio en- 
gineers of the country. Plug shells are of steel. 
Plugs feature Cannon’s thumb-pressure 
LATCHLOCK design ...no accidental discon- 
nect. Full-floating socket contacts ease strain on 
insulator-dielectric during engagement... pro- 
long life. Rubber relief collars and bushings pro- 
vide shock and moisture protection. Flat-top de- 
sign assures positive polarization. All “UA” 
units carry three 15 amp. contacts. Grounding 
contact engages first. 


Cannon manufactures the leading lines of audio connec 
tors. In addition to the ‘“‘UA”’ Series, you should investigate 
our “P,” “O,” “*X,” “XK,” and “XL” lines for all require- 
ments in audio and video equipment. Connect with Cannon! 
Write for Bulletin POS and RJC Price List! 

Refer to Dept. 500 


CANNON ELECTRIC COMPANY, 3209 Humboldt Street, 
Los Angeles 31, Calif., Factories in Los Angeles; New Haven; 
Toronto, Canada; London, England. Representatives and 
distributors in all principal cities. 


CAIN|INONGELE CITRIC 


Since 1915 
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UA-3-31 Wall 
Mounting Receptacle 
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} UA-3-12 Plug 


Bom 


CANNON 
ELECTRIC 








provide flexibility in) mounting and 
alignment. Number wheels are white 
on a black background. One turn of 
reset knob resets all number wheels 
to zero. Mechanism is completely 
enclosed in metal housing. Operating 
arm is easily adjusted to any angle. 
Counter is available in 4-digit models 
with right- or left-hand shaft exten- 
sion. Production Instrument Co., 700- 
04 W. Jackson Blvd., Chicago 6. 
e No. 40, R« t 


MINIATURE P-M MOTOR 


Rated at | 400 hp, Type PM-47 mini- 
ature permanent-magnet motor has an 
output speed of 10,500 rpm. It can 
be used on small fans, blowers, and 
similar lightweight loads. Designed 
for continuous duty, motor draws 0.15 
amp at 27 volts d-c; weight is 5 oz. 





Dimensions are: 1'4« in. long with a 
1'4-in. diam; the shaft has an exten- 
sion length of 1%. in. Other lengths 
and arrangements, including splines, 
keyways, gears, can be obtained. 
Various types of electrical connections 
can also be provided (integral-lead 
type is illustrated). Dalmotor Co., 
1375 Clay St., Santa Clara, Calif. 
No. 41, Re Facilit 


SMALL HERMETIC 
D-C RELAYS 


Small d-c relay is hermetically sealed 
in metal container 1! x P46sx 146 in. 
high. Designed to meet military 
specifications, it is available with 14- 
pin miniature plug or solder terminals. 
Unit is so designed that weight of the 
relay puts no strain on the solder 
seals. Available resistance range: 
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AIR engineer ing provides the production pay-off! 







Ingersoll-Rand 


Alin- Powered 
SCREW DRIVERS 


pay off their cost 
4 in days! 
’ A @ ( \ 






1 Screws are driven quickly and uni- 
formly on clock assembly line with 
Size 000BLC Screw Driver 


Here’s one example. An electric clock manufacturer in- 
stalled 3 Ingersoll-Rand Air-Powered Screw Drivers to 
fasten clocks to their cases. Production stepped up imme- 
diately on this operation. The three tools—costing $315.— 
paid for themselves in 24 days! 


You'll never know how speedy and effortless fastening 


. tions can be until you’ve tried these Ingersoll-Rand 
I-R Air-Powered — 
7 Screw Drivers. Let an I-R Air Engineer show how you 
Screw Drivers can apply these same cost savings to your own operations. 
Ask him for specifications and full details on our com- 
a provide torque control plete line of straight or angle Screw Drivers. 
. Or—try them in your own plant. We’ll arrange a demon- 
» 
save assembly time stration without any obligation to you, if you will write 
® reduce spoilage Ingersoll-Rand, 11 Broadway, New York 4, N. Y. 


11 Broadway, New York 4, N. Y. 


e eliminate operator fatigue Ingersoll-Rand 


See how AIR engineering enables you to fasten it faster. 


Visit Booth 1835 at the ASTE exposition, Philadelphia, Pa., April 26-30. 
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from 0.12 to 11,000 ohms. It can be 
furnished for any voltage requirement 
up to 115 volts d-c, and with contact 
combinations up to 4-pole, double 
throw. Added contact combinations 
are available in larger containers. 
It can also be obtained in models 
resistant to shock, vibration, and tem- \ 
perature extremes. Weight: 5 oz, 1 
approx. Magnecraft Electric Co., | 
1446 W. Van Buren St., Chicago 7, IIl. 

e No. 42, Reader Inquiry Facility, page 257. 


" ever meet 
one of \ 

our 

| Spring Engineers? / 








SELF-LOCKING ANCHOR NUT 


Floating one-lug self-locking anchor 
nuts, series 3610, has been expanded 
to include the 5/16-24 NF-3 thread 
size. The additional size is designed to 
meet current requirements of Specifi- 


. 








cation AN-N-10 and proposed _re- 
quirements of the new military specifi- 
cation covering self-locking nuts of 
all types. Features are its narrow 
| envelope and high strength. Nutt- 
| Shel Co., Inc., 811 Airway, Dept. 

EM, Glendale 1, Calif. 

cle No. 43, Reader Inquiry Fa 


lr YOU HAVEN'T, perhaps it’s 


time you did. Our Spring : 


t+ - 
ity, p 


Engineers don't have _ tor- 


sion springs for eyes or wire 


SMALL WIRE-WOUND 











forms for ears, to be sure, | CONTROLS 
but they know just about | Improved version of Series 43 wire- 
. . Pe . aie wound potentiometer or rheostat is 
everything there is to know about designing the right spring for es : 
“7 © tie © Pn | designated Series 43c. Featured is an 
the job. That’s hardly surprising in view of the thousands of improved wiper arm contact and end 
termination. This contact allows 


tough spring problems that have been solved at lower cost by 


Lewis Spring Engineers. 


If a spring is a vital part of your product, get acquainted with one 
of our Spring Engineers. Chances are good that he can show you 
how to realize maximum product performance at minimum cost 
with a Lewis spring that’s engineered to the job. Behind his re- 
commendation stand the experience, facilities and reputation of a 


company geared to serve you quickly and well. 





LEWIS SPRING & MANUFACTURING COMPANY | 
2646 W. NORTH AVE. CHICAGO 47, ILL. 


higher resolution, more intricate taper, 

ae = Pao © fs 3 Do | and tighter tolerances in overall re- 
s e Ee é he G & | sistance and linearity. Terminals are 

‘ .| fastened directly to winding, insur- 


ing low contact resistance. Collector 
. and terminal are now in one piece, 
The Finest Light Springs and Wireforms of Every Type and Material | eliminating rivets as mechanical fast- 
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aL plays a vital part in 


new plant-automation plans 


TWO COMPARTMENTS 
sealed off—self-protected 


ELECTRICAL SIDE 


Accessible wiring connections, 
self wiping coin silver con- 
tacts, no arcing, heavy insuyla- 
tion throughout, oil and dust 
resistant case. Single pole, 
double break, double throw 
——positive lock in ON or OFF 
position, 


MECHANICAL SIDE _ 


Hardened steel parts, strong 
spring, rugged, compact con- 
struction, wide choice of op- 
erating levers. Snap-Lock is 
gvaranteed mechanically and 
electrically for any normal 
circuit application. 


Snap-Lock is the heavy duty limit switch—quick acting, 
positive, dependable—built by machine tool builders for : N GE RSO LL says: 


machine tool builders. 


C€ror this special model, again we 


In the 15 years since we first designed Snap-Lock to rely on 13 Snap-Lock switches to 
meet our own machine tool needs, it has been adopted insure correct sequencing of all 
as the standard switch equipment by 4 out of 5 of all 6 operations for automatic mill- 
builders of precision operated machine tools. Hundreds ing. at tape. bene eee 


sole plates for electric flat 
irons at 1000 per hour-- fastest 
rate ever attained.99 


of users of other types of equipment also specify Snap- 
Locks—where control is vital, where lasting and service- 
free life is more important than mere price. 


If you have a switch problem, choose from the wide The Ingersoll Milling Machine Co. at Rock- 
variety of Snap- Lock standard types with regular or spe- ford, Ill., top flight builders of precision 
cial mountings or, if you need a special application, let our automatic milling, boring and drilling 
engineers help you design Snap-Lock into your product. machines, have for yeors standerdized 


on Snap-Lock limit switches. 


Ask for Engineering Bulletin EM-51 


ELECTRICAL MANUFACTURING DIVISION 





ACME-GRIDLEY 


BAR and CHUCKING AUTOMATICS The NATI O Ny PNG . 


1-4-6 and 8 Spindle e Hydraulic Thread Rolling 


Nalkties: © detonate Threading Dies and Taps ACME COMPANY 


® Limit, Motor Starter and Control Station 
Switches @ Solenoids © Contract Manufacturing 170 EAST 131st STREET © CLEVELAND 8, OHIO 
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eners and current conductors. Stop is 
integral with base instead of in the 
cover, insuring a more positive stop, 
and leaving no holes in cover for 
dust, moisture, oil, etc., to enter. 


S Diameter of the Series 43c is 1% in. 
The controls are available in resist- 
ance from 1 to 10,000-ohm, 2-watt 


ratings. Taps and various tapers are 


available. It can be obtained with 
or without switch and in single, dual 
and triple assemblies. Clarostat Mfg. 


Co., Ine., Washington St., Dover, 
CaMV XeMiO Sc eeee |S 


No. 44, 





| MINIATURE BALLS 
CYCLE MASTER TIME SWITCH | RMB miniature chrome steel precision 


“THE UNIT THAT NEVER FORGETS” balls (SAE 52100) are now available 
} in fifteen sizes ranging from 0.350 
Here is a low-cost quality Time Switch that gives more | mm (0.013780 in.) to 2.250 mm 


ON and OFF operations per cycle! SPST or SPDT (0.088583 in.) 
models are available with 24 hour cycle, 12 hour cycle, f 


. including ‘64 in., Me 









1 hour cycle with ON or OFF intervals of as little as 15 in. and M46 in. sizes. Sphericity toler- 
minutes, 7/7 minutes, or 3714 seconds respectively. All ance is 0.000008 in. max. Diamete1 
models will handle up to 48 ON and OFF operations tolerance per packing unit — is 
during cycle. Available in 10 or 20 amp. models with + (),000012 in. The balls are usually 
4 to 8 terminal panel, with or without Sunday-and- a =( ball | : 
Holiday cutout. ie packed in 5000 to 50,000. ball lots, 
eee depending on size. Landis & Gyr, 
Inc., 45 W. 45th St., New York 19, 
MAR SERIES INTERVAL TIMERS ae 
— 


This neat, compact, surface mounted unit measures 63%” 
x 3%” x 3%”. Has an open or exposed type dial on 
which settings from a few seconds to maximum cycling 
time may be made. Exposed terminal block for connect- 
ing either 110 or 220 volt A. C. only. The MAR Series 
has a 10 amp. capacity and is available with delayed 
action, instant recycling if current is interrupted or 
hold position until current is restored. 


AIRCRAFT HERMETIC 
SWITCH 

Envirorment-proof switches, designed 
for use in exposed locations in air 
craft, feature a hermetically sealed, 
split-contact switching unit enclosed 


“AUTOMATIC RESET 


MARA SERIES 


The MARA Series Timers can be supplied to op- 
erate in cycles from 10 seconds to 108 hours. In 
effect it is two interconnected adjustable Timers 
which permit varying not only the ON and OFF 
periods but also the length of the complete cycle. 
If either the open or closed circuit requires a short 
interval, one of the timers is provided with a very 
short time cycle for precise accuracy. Drawn steel 
case is 8” x 5” x 414”, has a lockable metal hasp 
and glass windows thru which dials are visible. 





MMR AND MR SERIES 


A neat, compact low-cost 
unit for the accurate timing 
of a single operation, such 
as baking, defrosting, heat 
treating, etc. or for signal- 
ing purposes. Models are 
available in cycles from 60 





seconds to 96 hours, with For accurately timing one to fifteen circuits or 
or without buzzer and bulls operations in any cycle up to 96 hours. Engi- 
eye that visually and audi- neered to meet specific requirements. 


bly signal end of cycle. 





WRITE TODAY to our Engineering Department for 
information or quotations on your specialized needs. 






| in an aluminum housing. Performance 

is said to remain constant regardless 

_ | of changes in atmospheric conditions. 

: . | Also, switches may be mounted neat 

ulomalic Lee tle MFG. co. fuel tanks without danger of igniting 
any escaping gases or liquids. 


60 STATE STREET - MANKATO, MINN. Six mounting holes in the housing 
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Oe wy BN RESISTORS 
»” pecial types 


Write for 
your copy... 


Today! 


. wic 


Ez 


ee. eeHere’s all the 
latest design and 
engineering data on 











Write for the new eS Ee feb fol fele Me @eh 
for complete charts, graphs, formulas, and detailed 
specifications on these dependable components. : 
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STAINLESS STEEL FASTENINGS 
BY ANTI-CORROSIVE 


Write for FREE Product 
List 54H — lists complete 
range of items, sizes and 


stock or by special order. 































STRONG AND NON-MAGNETIC! 
Plus resistance to corrosion, abrasion and 
high temperatures—longer life! Precision- 
made to the closest of specifications! 


AVAILABILITY! Starting with machine 
screws as small as #0-80, Anti-Corrosive’s 
IN STOCK inventory of more than 9,000 
varieties and sizes of stainless steel fasten- 
ings means immediate delivery of your 
requirements. Special orders are delivered 
faster, too, due to streamlined production 
schedules for these important items! 


LOWER COST! Superior production 
capacity and know-how means lower costs, 
helps you stay within production budgets! 
Remember, Anti-Corrosive is America’s 
oldest and largest firm dealing exclusively 
in stainless fastenings. 


available from 


e Castleton-on-Hudson, 
New York 
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> METAL PRODUCTS CO., INC. 


are arranged to permit mounting the 
switch from either side. Drain holes 
allow drainage of any moisture that 
might collect within the housing. Bot- 
tom plate of the housing can be re- 
moved for wiring or replacement of 
the basic switching unit. 

Typical of the series is switch IEHI- 
Y, which has overall dimensions of 
6%4 x 2% x 1 in. Operating force is 
9 Ib; total plunger travel is % in. 
Four different conduit connectors are 
available. Micro Switch, Div. of Min- 
neapolis-Honeywell Regulator Co., 
Freeport, Il. 

Circle No. 46, Reader Inquiry Facility 


PRINTED-CIRCUIT 
TRANSFORMERS 

Miniature transformers for use with 
printed circuits range in power-han- 
dling capacities from 8 milliwatts to 
2 watts They are designed with spe- 





cial soldering tabs so that they may 
be inserted in a printed-circuit ter- 
minal board and be mounted and 
connected by means of dip soldering. 
Units are available on special order. 
Microtram Co., 2117 Mott Ave., Far 
Rockaway, L. I., New York. 

Circle No. 47, Reader Inquiry Facilit 


BASIC SNAP-ACTION SWITCH 


Designed for limit, control, interlock 
and other applications, snap-action 
switch is available in 24 different 
models which includes 8 re-set types. 
Possible are single-pole, single throw, 
normally opened or closed, and single- 
pole, double throw, normally opened 
or closed arrangements. Housings 
available with basic switch includes 
splash-proof die cast, general-purpose, 
and hermetically sealed, cases. Where 
switches are not exposed to dirt, dust, 
or lubricants, the switch can be used 
without metal housing. The fine silver 
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Mr. Thomas C..Maher, Admin 
istrative Engineer of Thor Cor- 
poration, and Mr. Gebel, 
Application Engineer for 
Soreng, discuss new action of 
selector switch. Soreng sole 
noid, also used by Thor, ap 
pears. in foreground 
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Thor’s Administrative Engineer, Mr. Thomas C. Maher, 
requires only two things of components: they must be as 
dependable as possible; they must be as low priced as possible. 


By these yardsticks Soreng measures well indeed. For Soreng 
electrical components are engineered to last the life of the products 
in which they are used. Low cost per year of service life is 
coupled with low first cost. Result: Dependable electrical 
controls at lowest costs consistent with highest quality. 


So why not make sure your new model benefits from these definite 
Soreng advantages. Write for the new Soreng Data Folder 
containing technical information, drawings, etc., of our products. 
Then consult with our engineers at the earliest design stage. 


° PRODUCTS CORPORATION 


9551 SORENG AVENUE, SCHILLER PARK, ILLINOIS 
Plants: Schiller Park, Illinois ¢ Spring Valley, Illinois « Fremont, Ohio 






















contacts are rated at 10 amp, 125- 


250 volts a-c or 30 volts d-c. 

The positive snap-action is inde- Ay A 4 | Ay 1 M 
pendent of the speed of actuation; ae sO aad 
special self-aligning springs provide motor and 

ROTARY the desired wiping action of the con- 
tacts, as well as long life. The double 
break contacts provide two separate 

SHAFT SEALS circuits and increase the capacity of 
the switch. The plastics case is 1% 
in. long, 4 in. wide and '% in. high. 
Electro-Snap Switch & Mfg. Co., 
1218-20 W. Lake St., Chicago, Ill. 

rcle No. 48, R ry F t f 
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PERFORMANCE 













HHB No. 1102 
Three sizes 
available 













APPLIANCE CORD 
RUBBER PLUG 

Electric Dryer Cord Set, series No. 
5533, utilizes a new molded-on three 
pole angle rubber plug equipped with 


“L”-shaped grounding blades. Plug BRUSH HOLDERS 
can be interchanged with new ground- 


ing receptacle, catalog No. 9335, made 








—features improved 
-design—miniature size 
and perfect performance 


Especially adapted to hand operated, 
electrical circuit and tuning mechan- 
isms. The unique and exclusive HHB 
design combines the flexibility and 
sealing quality of rubber, low fric- 
tional resistance of metal against 
bearing material, and the corrosion 
resistance of high grade brass. Shafts 
are one piece, eliminating back lash. 
No lubrication required. 

HHB rotary shaft seals meet the by Harvey Hubbell and other wiring 






TANDEM 


for slip ring service 














TYPE 85-SK 


for stationary motors 
and generators 



























requirements of the following tests. device manufacturers. Designed pri- There -s pono ud the claim: 
. . ° ° E ‘ Te ri 
=100 hour 360 degree rotation and re- marily for installation of electric dryer aaa =e = a mage 
verse test at a speed of 17 cycles per cords, it can be used with 10/3 §$ performance — long lite tor bot 


minute, operating under water and Brush Holders and Brushes is 


cord, or type SR range cable. The 


es envi meee aa , UL-approved plug is rated at 30 amp, built into the units with highest 
a 250 volts. Comish Wire Co., 50 | quality bronze castings, precision 
veer Church St., New York 7, N. Y. machining — proper designing. 
125 g shock test No. 49. | 
0. 49, Re f ilit 


minus 55° C. cold test... 85° C. high 


Known throughout industry for 
temperature test 


5 their enduring qualities, some of 
oe - — crt eg NON-MAGNETIC these units have lasted more than 
om ° xeur a . 
Kee LONG-NOSE PLIERS 24 years, under critical operating 
conditions. High resistance to vi- 
= bration and wear assures you, your 
cial bronze alloy. They are non-mag- FLOWER BRUSH HOLDER 
netic. Other features include spark will not cause breakdowns in pro- 

duction. 


GET COMPLETE INFORMATION NOW! 
WRITE FOR CATALOG 4M 


+++ maintaining always a pressure seal. Long-nose pliers are made of a spe- 






Complete catalog data is 
available upon request. 


_H. H. BUGGIE, Inc. 
726 STANTON STREET 
TOLEDO 4, OHIO 


Maat) se iCmnee 


1217 Spring Garden Street, Phila. 23, Penna. 
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PERMANENT MAGNETS and ASSEMBLIES 
for Magnetrons and Traveling Wave Tubes 


The group of magnets illustrated above, weighing from a fraction 


of a pound up to 75 pounds, are indicative of the wide range of 
Arnold production in this field. We can supply these permanent ladle. to your 
magnets in any size or shape you may need, with die-cast or 


sand-cast aluminum jackets, Celastic covers, etc. Complete assem- : Specifications 


blies may be supplied with Permendur, steel or aluminum bases, 


inserts and keepers as specified . . . magnetized and stabilized as 
desired. @ Let Arnold handle your magnetron and traveling wave ANY SIZE SHAPE 
tube permanent magnet requirements. — ’ 


aii woo | OR COATING REQUIRED 


THE ARNOLD ENGINEERING COMPANY | y [ida caticies 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION ‘ ee 
General Office & Plant: Marengo, Illinois your inquir LAS 
Fe DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. 
| SE" Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 


ine ne A i 
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Want to paint 4 brighter sales picture 7 


MODERNIZE YOUR PRODUCTS with 
modern materials for this competitive 
age ...and none lends itself to this 
better than Durez plastics. Among 
thousands of cases in point is the Bur- 


gess Vibro-Sprayer for do-it-yourself 


enthusiasts — a far cry from its prede- 
cessors in convenience, versatility and 
attractive appearance. 

Durez phenolics are themselves so 
versatile they can work wonders in 
creating new buy-interest for your 


products. As molding compounds or as 
protective coating and industrial resins, 
they offer a long list of valuable charac- 
teristics to brighten your sales picture. 
We can help you and your molder 
. with 32 years of specialized phe- 
nolics experience. 
ust tell us what you have in mind. 
And let us send you our thought-pro- 
voking ‘Plastics News” each month. 
Durez Plastics & Chemicals, Inc., 1304 
Walck Road, North Tonawanda, N.Y. 






MOLDING COMPOUNDS. Structur- 
al, electrical, and chemical prop- 
erties in many combinations. 
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PHENOLIC 
PLASTICS 


for the new 
Competitive Era 


RESINS FOR INDUSTRY. Bonding, 
casting, coating, laminating, im- 
pregnating, and shell molding. 


and corrosion resistance. Length, 6 in. 
Ampco Metal, Inc., 1745 South 38th 
t., Milwaukee 46, Wis. 


-ircle No. 50, Reader Inquiry Facility, page 257. 


POWER RESISTOR KIT 
Kit of GK-1 Greenohm fixed wire- 


wound 10-watt power resistors con- 
sists of 20 fixed wire-wound resistors 
in popular ohmic values. The re- 
sistors are mounted by means of metal 
clips to a two-color board. As re- 


= 4 . 
SJLALA US be 


Wire-Wound Fixed Power Resistors 










aad 
THE HOUSE OF RESISTORS 


sistors are removed, the value of the 
particular resistor appears on the 
board, making it possible to check 
resistor needs at a glance. Board has 
two metal eyelets for wall hanging. 


Clarostat Mfg. Co., Inc., Washington 
St., Dover, N. H. 
Circle No. 51, Reader Inquiry F ity, page 257 


PORTABLE SCREEN ROOM 

Table model screen room, designated 
the Portascreen, is a prefabricated 
miniature screen room, cubical in 


shape, measuring 35% in. x 35% in. x 
Features include: 


351% in. true double 





shielded screening, with an attenua- 
tion of over 100 db from 5 mc up to 
10,000 mc. Applications include use 
for testing small equipment. Test 
and other instruments can be placed 
outside the enclosure. Access is pro- 
vided by a 35%%-in. square hinged 
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panel, which opens 
side. For additional 
triple-screen-wall is available. 
are shipped in sections. 
Lindgren & Associates, 4515 N. 
Ravenswood Ave., Chicago 40. 

Sircle No. 52, Reader Inquiry Facility, page 257 


ve 


up one entire 
attenuation, a 

Units 
Erik A. 


T-NUT VIBRATION ISOLATOR 


Low cost and effective isolation of 
noise and high-frequency vibration 
are features of T-Nut isolators. Units 
can be used with small motors, to 
protect panel-mounted instruments, 
reduce transformer hum, and for simi- 
lar applications. With a natural fre- 
quency of 35 to 40 cps, they isolate 


a Fe Pm OI LLL Lh hh 
\ 





disturbing vibrations at 100 cps and 
above. The method of use, including 
“blind wall” installation, is indicated 
in illustration. The T-Nuts, available 
in four core lengths, will fit through 
plates up to “46 in. thick; only %6 to 
43 in. clearance is needed between 
the isolated assembly or unit and the 
mounting panel. The core is either 
clearance-drilled, or tapped for any 
of the common machine-screw 
threads. The resilient material is either 


rubber, GRS, or neoprene. The Barry 
Corp., 808 Pleasant St., Watertown 
72, Mass. 

circle No. 53, Reader !nquiry Facility, page 


Reader Inquiry Facility 


Postcard return cards are pro- 
vided on page 257 as a conveni- 
ence to the reader in obtaining— 
New Components and Materials 

Additional data from the sup- 

plier on any items reviewed in 

this issue. 
Literature for the Asking 

A copy of any manufacturer’s 

publication reviewed. 


Feature 


Article Reprints 
Single copies of selected feature 


articles reprinted for conveni- 
ence in filing. 

Advertised Products 
More information on any prod- 
uct or service described. 
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Measure, Cut and Strip 
Insulated Mee: 





on ARTOS 
Automatic MACHINES 


SS “3 
I RY 


Does your production require cutting and stripping of insulated 
electric wire, cord, cable, etc.? 


You can produce finished leads much faster ...as many as 3000 
per hour in 15-in. lengths...on this Artos Automatic Machine. 
Substantial savings are obtained over the best manual or semi- 
automatic methods. 


Operation is fully automatic—wire is taken from the reel, meas- 
ured, cut to length and stripped at one or both ends. Unskilled 
help can handle the machine. Set-up is easy for different wire 
types, cut lengths and stripped lengths. 


MODEL CS-6E CAPACITY 


Finished Pieces Per Hour—From 3000 
per hour up to 15 in. lengths to 500 
per hour in 64-97 in. lengths. 


Other Artos Machines 


The complete line of Artos auto- 
matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in. to 60 ft., stripped lengths 
to 614 in. at one end and 8) in. at 
the other, wire from No. 12 to No. 
000 gauge, and up to 3600 pieces 
per hour. Ask for recommendations 
on your problems. 


Maximum Stripping Length—1!2 in. at 
each end (greater stripped lengths are 
special). 


Maximum Cutting Length—97 in. 


Minimum Cutting Length—2 in. (also 
as short as % in. under certain condi- 
tions). 








Types of Wire Handled— Practically | 
all types of solid or stranded single 
conductor wires, parallel cord, heater 
cord, service cord, etc. 


Maximum Wire Size—No. 10 stranded 
or No. 12 solid. 


ARILOS 


2741 S. 28th St. ° 


WRITE FOR BULLETIN 


Get the complete story. 
Write for Bulletin 35-C 
on Artos Model CS-6 
machines. 


Automatic Wire Cutting and Stripping 
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Milwaukee 46, Wis. 
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‘fication o 
; the modifi EXPANDED SCALE 


VOLTMETER 


ee? fo ponents ee? 


m 
servo syste™ Ss 


Expanded scale a-c voltmeter covers 
the voltage range from 100 to 500 
volts in thirty-nine 10-volt steps, full 





scale. True rms readings can be ob- 

AND it might well be yours! For if you tained with accuracies better than 

are now buying the components for servo systems from +£0.25 per cent of input voltage. 
several manufacturers, you are probably wasting time, labor, Frequency response is uniform  be- 


machinery, and material, modifying the various units for 
better coordination. And you still end up with only the 
inferior performance that such a hodge-podge delivers. 


Transicoil experience proves that you can save the time 
and trouble of secondary operations and end up with a 
better system by merely using assemblies made up of matched 
Transicoil components. The units comprising these assem- 
blies are designed and constructed to work with each other 
for optimum efficiency, top performance, and actually cost 
less when assembled than the total purchase price of indi- 
vidual components acquired from several sources. 


If you are now purchasing servo components from several 
manufacturers, a serious talk with Transicoil will pay you 
dividends in lower costs and a better system. But if you 
require only one component, you can be sure of optimum 
performance from the Transicoil units you specify. 





tween 500 and 2000 cps. Voltmeter 
offers built-in recorder connections for 
continuous recording of line voltage 
fluctuations with a 1-milliamp d-c re- 
corder, greatly simplifying problems 

of voltage regulation or stabilization 
(ce \ “ip ig Ap lg MO eg 


man Instruments, Inc., 220 Pasadena 


Ave., South Pasadena, Calif. 

rcle No. 54, Reader Inquiry Facilit ; 
LABORATORY AMPLIFIER 
With a maximum output of 5 watts, 


Unit Amplifier Type 1206-B, is ade- 


C 0 R Dp y R AT i 0 a aes oes ae. quate tor driving many low-power 


Miniature Motor and Gear Motor, Generator, and 
Control Motors Train Assemblies Gear Train Amplifiers Assemblies 
Combinations 
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The heart of this Gibson electric guitar is the magnetic 
pick-up. Steel strings vibrate in the field set up by 
two small Carboloy permanent magnets, generating 
minute electrical impulses. 










New all-magnetic, all-transistor hearing aid uses 
permanent magnets in both microphone and re- 
ceiver. These tiny magnets eliminate hearing-aid 
failure caused by operational heat, and by humidity. 


improve sound pick-up 


and acoustic action 


They make possible simplified design, lower costs, and improved per- 
formance in communication devices and in many other important fields 


Carboloys Alnico permanent magnets are 
replacing electro-magnets in both the in- 
put and output elements of communication 
devices. 


Because permanent magnets convert me- 
chanical motion to electrical energy, they 
improve sound pick-up action for micro- 
phones and other transducers. And because 
they convert electrical energy back into 
mechanical motion, they provide the acous- 
tic action necessary in telephone receivers 
and loudspeakers. 


Carboloy permanent magnets supply a uni- 
form source of stable, low-cost energy. By 
using power-packed permanent magnets, 


“Carboloy”’ is the trademark for products of the Carboloy Department of General Electric Company 


eee ce et ele eh Se eh ee ee me en cen inns Sem ee cine saan Sl Ree 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11109 E. 8 Mile Street, Detroit 32, Michigan 

Name 

Company 


Address 
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you ll eliminate coils, wires and other oper- 
ating parts. Design is simplified; product 
size and manufacturing costs reduced. 


Carboloy permanent magnets are available 
sintered, as well as cast. Sintered magnets 
hold closer tolerances, permit more complex 
shapes. 


Perhaps Carboloy permanent magnets can 
improve your products or equipment. Spe- 
cially trained engineers of the Carboloy 
Engineering Appraisal Service will work 
with you on permanent magnet design and 
application. Send coupon, today, for catalog 
or design manual. 


Send me the following without cost or obligation: 


] Permanent Magnet Design Manual, PM-101 


[-] Permanent Magnet Standard Stock Catalog, PM-100 


Position lias 

























NEW SMALL PATTERNS 


oO 


209-5L compact 
oblique cutting plier 


eee 


307-5'AL extremely 
slim long nose plier 


o— 
—, 


204-6L transverse 
end cutting plier 


317-5L chain 
nose plier 

Ask to see the 
complete new line. 








ASK YOUR SUPPLIER 


Foreign Distributor: 


International Standard 
Electric Corp., 
New York 





KLE 





to =»PEFD 
YOUR PRODUCTION 


You just can’t beat Klein pliers for 
smooth, easy operation—for steady 
dependability whatever your pro- 
duction job. That’s because Kleins 
are quality made of finest tool steel, 
precision fitted—individually tested. 
Handles fit the hand to perfection— 
knives shear through toughest wire 
with ease. 

And now the Klein plier selection is 
bigger than ever—in standard size 
patterns—in new compact patterns 
specially designed for intricate wiring 
and cutting in confined space. Avail- 


able with or without a flexible steel 


leaf spring. 
Write for your free & 
copy of the Klein SS .... 
Pocket Tool Guide. — 


Contains informa- 
tion on all types of 
Klein Quality Pliers. 


AVENUE oe | 





ems 


& Sons 


7 Ihe Chicago, HL, U.S.A. 


transducers. Since less than 1 volt 
input is required for full output, the 
amplifier can operate directly from 
the output of many electro-acoustic 
and electro-mechanical devices, such 
as sound-level and vibration meters, 
to amplify their outputs for such pur- 
poses as operating graphic recorders. 

Frequency range of the Type 1206- 
B extends from below 10 cycles up to 
about 250 ke. The harmonic distortion 
of the amplifier into a load of 600 
ohms is less than | per cent with a 
2-watt output (less than 2 per cent 
with three watts) from 20 cycles to 40 
ke. This performance is obtained by 
taking advantage of the characteristics 
of the single-ended push-pull circuit, 
which not require an output 
transformer. Type 1206-B is designed 
to operate from manufacturer’s Type 
1203-A Unit Power Supply, which 
can be attached to the amplifier to 
form a single assembly. General Radio 


does 


Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 
No. 55, f 


TEMPERATURE CHANGE 
INDICATOR 


\ laboratory temperature measuring 
indicator for small temperature differ- 
ences, Type BT Speed Bridge is in- 
tended to be used with sensing ele- 
ments with a substantially exponential 


characteristic curve. It may, however, 





be operated in conjunction with any 
high resistance sensing unit. With the 
main slide wire at zero the bridge 
is balanced at the initial temperature 
by the two auxiliary slide wires (coarse 
and fine) with the main slide wire 
at zero. The temperature change is 
then read on the scale of the main 
slide wire, which has 1000 divisions. 
With thermistors or other similar sens- 
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New Du Pont MYLAR film offers 


REG. U. S. PAT. OFF. 


a balance of properties never before 
available for electrical uses! 





Du Pont ““Mylar’”’ polyester film has a balance of properties that make it suitable 
y poly prop 


for a wide variety of electrical applications. 


—_— 


od 


Od 






“Mylar” film used to insulate this motor 
stator is about half as thick as the material it 
replaces. 


ara 
Flexibility and strength of new “Mylar” 


polyester film make it ideal for wire and cable 
insulation. 
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Miniaturization of capacitors, transformers 
and other electrical equipment is made possible 
by the use of “Mylar.” 





High dielectric strength, combined with 
toughness, makes ‘‘Mylar”’ adaptable to a 
variety of coil-insulation uses. 


Out of Du Pont research comes a new 
product—‘“‘Mylar”’ polyester film— 
with a balance of electrical, mechan- 
ical and chemical properties so unu- 
sual that it opens new possibilities in 
the design of electrical equipment. 


‘““Mylar’’ exhibits high dielectric 
strength, high volume resistivity and 
high surface resistivity. In addition 
to its good insulating properties, 
**Mylar’’ has outstanding mechanical 
properties. Its tensile strength is 
17,000-25,000 p.s.i. It is tough and 
durable. And it retains its remark- 
able properties over a wide tempera- 
ture range, remaining flexible and 
stable from -60° to 150°C. 


‘*“Mylar’’ is moisture insensitive... 
impermeable to many organic and 
inorganic gases. Its resistance to fun- 
gus is excellent, making it suitable for 
applications under a variety of cli- 
matic conditions. 


These properties of ““Mylar’’ are 
already being used to advantage in 
motors, cables, capacitors, coils and 
transformers. If you would like to in- 
vestigate the possibilities of improv- 
ing your own products with Du Pont 
““Mylar,” write for further informa- 
tion to: E. I. du Pont de Nemours 
& Co. (Inc.), Film Dept., Room EM, 
Wilmington 98, Delaware. 


DU PONT 


YLAR’ 


Polyester Film 


EGS. us. Pat OFF 
BETTER THINGS FOR BETTER LIVING 
. - » THROUGH CHEMISTRY 
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ing elements, a sensitivity of 0.001 


aS | deg per div. can be obtained; a sen- 
on ay | sitivity of 0.00001 deg is said to be 
5 a not impossible. 
NX The two auxiliary slide wires may 
—— | be roughly calibrated for convenience 
| of setting the range. Electrically, these 
two slide wires are located in the 
bridge arm adjacent to the sensing 
unit. The main slide wire is located 
in the opposite arm. It spans 55 per 
cent of the resistance of the arm. If the 
characteristic of the sensing unit is 
truly exponential and the coefficient 
is 5 per cent per degree, the calibra- 
tion of the main wire will remain sub- 
stantially the same for any range 
covered by the bridge. 

The unbalance voltage of the a-c 
bridge, operated at 60 cycles, is am- 
plified and indicated by a rugged, 
well-damped d-c meter. Indication is 
almost instantaneous. Power supply 
required: 115 volts, 60 cycles. Weiller 
Instruments Corp., 95 Broad St., New 
York. 

Circle No. 56, R« 
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INSULATION RESISTANCE 
TESTER 
Essentially constant d-c test voltage, 
independent of ohmic value being 
measured, is a characteristic of Model 
Built to JAN-R-19 Spec’s | 266 Vibrotest, a portable, dry-cell- 
s operated resistance-measuring instru- 
series ment. Circuit uses no vacuum tubes 


YD and is designed around a synchronous 
i WY) vibrator power supply with maximum 


potentiometer 





The moderately priced precision potentiometer that 
incorporates features of more expensive models 
Miniaturized (only 15@” diameter) for military air- 
borne instrumentation and similar applications 
Built to rigid JAN-R-19 and Air Force specifications 
300° electrical and mechanical rotation 

Linearity up to 0.1% 

5 to 125,000 ohms 

Available with on-off switch 

Ganging up to 10 units 

Many models ard special designs available 


For further information write DeJUR-Amsco Corpora- 
tion, Dept. EML-4 45-01 Northern Boulevard, Long 
Island City 1, New York 





output current of 400 microamp at 
500 volts d-c_ potential. Megohm 
ranges are 1-100 and 1-1000. Model 
266 is useful where resistance values 
may fluctuate widely unless test volt- 


| age is well regulated. Dimensions: 8% 
ft |  »x6x 8% in; weight, 18 lb. Associated 
: | Research, Inc., 3794 W. Belmont Ave., 
A ee ea | Chicago 18. 
rcle No. 57, Re 
POTENTIOMETERS + CONNECTORS METERS P 
Bos ete) | wat ai, or ee ie ie Orr am fine | ee 


lL Ae ae ‘| Postcards are provided on page 257 as a 
convenience for readers in obtaining 
single copies of Feature Article Reprints. 
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THIS COULD BE YOUR NEXT MONTH’S ORDER OF 


Tangible benefits exist for you in the continu- 
ing improvement of facilities at Newport Steel. 
Your orders move along faster, from electric 
furnace to loading dock. Greater flexibility 
in production schedules ensures delivery of 
famed Newport quality just when you want it. 
And this helps relieve you of maintaining large 
and expensive inventories. Let us call and 
discuss other advantages of buying from 
Newport Steel, situated in the heart of the 


nation’s greatest industrial growth. 








ECONOMICAL WATERAIL DELIVERY CORPORATION 


NEWPORT, KENTUCKY 








Lear, Inc., Eliminated 
Finish Grinding 
Operation With 

Speed-Trol 


Speed-Trols on boring machines 
at Lear, Inc., Grand Rapids, 
Mich., resulted in elimination of 
a grinding operation and a re- 
duction in manufacturing costs. 
This was accomplished through 
Speed-Trol’s infinite speed ad- 
justment and accurate speed 
regulation which allowed selec- 
tion of the best cutting speeds 
for Carboloy or diamond tipped 
boring tools and boring to ex- 
tremely close tolerances which 
obviated the need for a former 
final grinding operation. 


STERLING SLO-SPEED 





GIVES YOU THE ONE 
BEST LOW SPEED AND 


gives uninterrupted service — carries heavy 
overhung loads—provides versatile mounting 
and flexibility in arrangement of machinery 
— saves valuable space — provides greater 
safety —costs less to install and use. An 
indispensable source of low speed power for: 


Agitators Dryers Presses 
Blenders Feeders Pumps 
Blowers Kilns Screens 
Conveyors Mills Tumblers 
Cookers Mixers Etc., etc. 


20-page illustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 


Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No. D-417. 


STERLING 


ELECTRIC MOTORS 


Plants: New York City 51; Chicago, Ilinois; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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Literature for the Asking 





To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 257. 


AIR CYLINDERS FOR AUTOMA- 
TION—Heavy-duty air cylinders for 
automatic control and general-purpose 
use on machine tools, presses and 
other equipment are described in a 
10-page catalog. Covered are features 
and specifications of cylinders de- 
signed to operate at pressures up to 
200 psi. Data are presented on five 
types of mountings, and 8 bore sizes 
from 12 through 6 in. The S-P Manu- 
facturing Corp. 

rcle No. 58, Read 


Facilit pane 2 


page 23) 


CLASS H ELECTRICAL INSULA- 
TION—Described in a 32-page cata- 
log are: silicone laminated glass cloth 
plastics; silicone bonded mica _prod- 
ucts; silicone rubber and_ varnish 
treated glass tubings and _ sleevings: 
and silicone rubber and resin coated 
glass cloth and tape. Also: Silastic 
pastes and Silastic R tape and cloth; 
and silicone varnishes, resins, adhe- 
sives, compounds, and grease. Insula- 
tion Manufacturers Corp. 

No. 59, Reader Inquiry Facility, page 257 


POTENTIOMETER NOISE—“Elec- 
trical Noise in Wire-Wownd Poten- 
tiometers,” a 12-page technica! paper, 
describes the kinds of noise which can 
originate in a precision potentiometer; 
discusses methods of observing and 
measuring noise; and sets up a system 
of units in which can be ex- 
pressed. The monograph was_pre- 
sented at the 1952 West Coast IRE 
Convention. Helipot Corp. 

No. 60, Reader Ir ry Facility, page 25; 


noise 


VIBRATION ISOLATORS—Techni- 
cal and application data are provided 
in an illustrated 4-page bulletin on 
shock and vibration isolators designed 
to reduce noise and shock caused by 
impact-type machines, and vibration 
and noise caused by heavy rotating 
and reciprocating machinery. Avail- 
able are isolators with seven load rat- 
ings covering the range from 500 to 
4400 lb per unit solator. The Barry 
Corp. 
e No. 61, Reader Ir ry Facility 


MIDGET SNAP-ACTION 
SWITCHES—Small Type V3 preci- 
sion snap-action switches (postage- 
stamp size) and auxiliary actuators, 
are described in a 4-page catalog. 


ELECTRICAL 


Three of the 15 switches contorm to 
MIL-S-6743. Information is provided 
on available contact arrangements, ter- 
minals and terminal arrangements, 
operating characteristics and electrical 
ratings, and other data. Micro Divi- 
sion of Minneapolis-Honeywell Regu- 
lator Co. 

Circle No. 62, Reader Facilit 257 


COLD-ROLLED STEEL—Data are 
presented in a 14-page booklet on ten 
grades of cold-finish, case-hardening 
Jalcase, a free-machining open hearth 
steel with good mechanical properties. 
Other properties include: easy machin- 


ability, minimum distortion, faster 
heat treatment, and high wear resist- 
ance. Curves and other illustrations 
are included. Jones & Laughlin Steel 
Corp. 

> No. 63, F 


MIL-TYPE WIREWOUND RESIST- 
ORS—Wirewound | resistors meeting 
requirements of MIL-R-93-A are de- 
scribed in an illustrated 4-page bul- 
letin providing data on characteristics, 
ratings, insulation, and applications. 
Also discussed are terminals, tempera- 
ture coefficient, and other pertinent 
information. Photographs, charts and 
graphs are included. International Re- 
sistance Co. 
No. 64, Re 


SYNCHROS, SERVO MOTORS — 
Characteristics of 116 synchros, servo 
motors and resolvers are presented in 
an illustrated 4-page catalog. Data 
are presented on some of the units 
now in volume production, including 
two-phase servo motors, and synchro 
control transformers, receivers, trans- 
mitters, and resolvers. Briefly dis- 
cussued are facilities and experience 
in meeting military requirements. 
Ketay Manufacturing Corp. 

Circle No. 65, Ré ry F t 


STACKED RETAINING RINGS — 
Applications and advantages of 
stacked open-type retaining rings are 
discussed in an_ illustrated 4-page 
bulletin. Described is the dispensing 
unit supplied. Included are specifica- 
tion sheets and price lists for the 
available sizes of open-type retaining 
rings. Industrial Retaining Ring Co. 


e No. 66, R« f ty qe 2 
INVESTMENT CASTINGS — How 
the investment casting process solves 
small-parts problems, is the subject 
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DIFFUSED JUNCTION 


GERMANIUM 


RECTIFIERS 


SMALLER-MORE EFFICIENT-LESS COSTLY! 


HE CHANGES which evolve every day in 
¢ eo design of new equipment incorporat- 
ing germanium rectifiers are in the forefront 
of any discussion on electronic progress. This 
miniature component has replaced other recti- 
fiers many times its size and its long life makes 
it useful in a variety of applications. And, 
performance of this G-E germanium product 
is singularly more outstanding than any tube 
or dry rectifier counterpart! 

Currently, the General Electric rectifier is 
employed in telephone circuits to simplify... 
speed...even make operations more depend- 
able. In radio or record player filament sup- 


plies it reduces hum...improves reproduction 
quality. In calculating machines, control 
equipment and a host of other products it 
prolongs equipment life... makes entirely new 
functions possible. 

Now, with the development of stacked ar- 
rangements, voltage and current ratings are 
boosted to such an extent that most rectifica- 
tion problems can be solved by a General 
Electric germanium rectifier. 

Send your circuitry design problems to us. 
G-E application engineers can point the way 
to obtaining the equipment features you prefer 
...in size... weight...cost and efficiency. 


General Electric Company, Section X8044, Electronics Park, Syracuse, N.Y. 


JOU Car pul YOU confulence a 


GENERAL @@ ELECTRIC 
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fo maintain correct pumping rates 
for accurate metering and proportioning | 


%Proportioneer% Adjust-o-Feeders use 





Metering and proportioning the flow of abrasive slurries, corrosive 
chemicals, viscous or semi-viscous fluids and numerous other chemi- 
cals, %Proportioneer% Adjust-o-Feeders are called upon to deliver 
precise, pre-set dosages. And they do! They’re equipped for accurate, 
continuous and dependable service. 

A fully enclosed Winsmith Speed Reducer with specially designed 
gears for reciprocating pump service, provides the required reduction 
ratio. Precise speeds are assured! 

Among the reasons for using Winsmith Reducers, % Proportioneers, 
Inc.% emphasizes “ . the very complete cooperation received in 


working out individual problems”. 

And who is in a better position to be helpful than a Winsmith repre- 
sentative? With rugged, compact and fully standardized units available 
in differential, worm and helical gear designs, the Winsmith line is the 
most complete within its range of 1/100 to 85 hp in ratios of 1.1:1 to 
50,000 to 1. Request catalog 148 for details. 





WINSMITH, INC. 
18 EATON ST. 
SPRINGVILLE (Erie County), N. Y. 
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of an 8-page brochure. Four Case- 
histories show the advantages of the 
process where intricate shapes must 
be held to close tolerances, and where 
there is need for non-machinable ma- 
terials, as well as resistance to wear, 
corrosion and heat. Facilities and 
engineering services are outlined. 
Vascoloy-Ramet Corp. 

> No. 67, Reader Inquiry f ity 


HIGH - TEMPERATURE MAGNET 
WIRE-Insulation of Ceroc T com- 
bines the advantages of inorganic 
ceramic insulation with those of a 
double outer coating of Teflon. The 
magnet wire, described in Bulletin 
No. 402J, is capable of operating con- 
tinuously at temperatures up to 250 C. 
This bulletin replaces Bulletin No. 
402H; data in one of the sections 
describing performance characteristics 
has been changed to correspond with 
proposed NEMA-ASA standard for 
this type of wire. Sprague Electric Co. 

le No. 68, Reader ry Facility, page 257 


CUSTOM TERMINAL BOARDS — 
Availability of custom-fabricated ter- 
minal boards, with any number of 
contacts and in various sizes and con- 
tact arrangements, are described in an 
illustrated 2-page brochure. The 
boards can be finished or impregnated; 
coding is accomplished by silk screen- 
ing. Availability of hermetically sealed 
plugs is also discussed. DeJur-Amsco 
Corp. 
e No. 69, Reader 


MIL-T-27 CASES, SEALING — De- 
scribed in a 4-page bulletin are 
standard and non-standard MIL-T-27 
transformer cases, as well as com- 
pression-type bushing assemblies for 
hermetic sealing. Specifications, di- 
mensions and other engineering data 
are provided. An assembly service 
is available. Heldor Manufacturing 
Corp. 

rcle No. 70, Reader Inquiry Facility, page 257 


FURNACE, OVEN CONTROLLERS 
—Two-page bulletin lists furnace and 
oven control instruments carried in 
stock, including indicating pyrometers 
and controllers, indicating thermom- 
eter controllers, combustion — safe- 
guards, and other devices. Also 
described are control accessories in- 
cluding thermocouples and protection 
tubes, as well as test equipment. 
The Bristol] Co. 
No. 71, Reader Inquiry Facility 


CAST “S” MONEL—Engineering bul- 
letin describes “S” Monel, an age- 
hardenable casting alloy that is said 
to possess high strength, hardness, 
and anti-galling properties at tem- 
peratures up to 1100 F, in addition 
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The recent tremendous increase in the use 
of tube instead of wires for instrumentation 
and control purposes has led to an important 
new development—cabled tube. This is an 
armored group of long tubes twisted together 
to permit bending without distortion. An 
insulating tape is wrapped over the bundle 
of tubes to prevent electrolytic action. Then 
interlocking, flexible galvanized steel armor 
is applied, like BX. This protetts the tubes 
from injury during shipment, storage, in- 
stallation, and in service. Standard fittings, 
boxes and cabinets can be used for junction 
boxes and terminations. To make it possible 
to readily identify each tube, one tube in each 
layer is colored; the position of each tube in 
each layer in relation to the coded tube 


Th. 


A aa} 


\\\) 


a Ladi 





remains the same throughout the length of 
the cable. 

The tubes usually are copper, but aluminum 
tubes can be used for special purposes. For 
unusually corrosive situations, a plastic outer 
sheath can be applied. As many as 19 tubes, 
%” OD, can be cabled, and supplied in 
lengths up to 1,000 ft. 
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Since the tubes carry not electricity but air, 
nitrogen, helium, or a fluid, they are espe- 
cially attractive in potentially explosive loca- 
tions, as in refineries and chemical plants. 
Utilities are also turning decisively to this 
new cable, while automatic process control 
(automation) is a rising application. 





Revere, as a supplier of tube for this pur- 
pose, calls this cabled tube development to 
your attention as a matter of general and 
perhaps specific interest. See Revere for 
copper, aluminum and brass tube and pipe, 
electric welded steel tube, and lockseam 
tube. Call the nearest Sales Office. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


o . eo ( 
Mills: Baltimore, Md.; Chicago and Clinton, IIl.; Detroit, Mich.; 
Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, 
N.Y. Sales Offices in Principal Cities, Distributors Everywhere 


SEE "MEET THE PRESS” ON NBC TELEVISION, SUNDAYS 


Showing the construction of Crescent 
Armored Multitube, made by Crescent 
Insulated Wire and Cable Co., Trenton 5, 
N. J., which will supply further informa- 
tion on request. 
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This Motor 
Runs on Only 


75 MILLIONTHS 


of a watt 


What's this to you? 
Just this— 


Perhaps RAM can also help YOU when 
you need a component to do a job 
electrically, electro-mechanically or 


electronically. 


This small, versatile, highly flexible 
factory specializes in special-purpose 
devices designed, developed and manu- 
factured to your order — either short 


runs or production quantities. 


When you need this kind 
of help —CONTACT 





Servicing the Air Force, Navy and 
civilian industry, in some cases the 
seemingly impossible has been accom- 
plished to save our customers thousands 
of dollars. 


Send for new Brochure K54 — illus- 
trating devices that have solved 
problems for others. 


ua a 





Founded 1936 


1104 Hilton Road 
Ferndale 
DETROIT 20, MICHIGAN 
Telephone Lincoln 4-7220 


238 








to possessing the general corrosion 
resistant properties of Monel. Tables, 
curves and text provide data on its 
composition, physical constance, me- 
chanical properties, and on machining 
and other topics. The International 
Nickel Co., Inc. 

No. 72, Reader Inquiry Facility, page 2 
HERMETIC TIME DELAY RELAY 
— Described in a 4-page brochure is 
a hermetically sealed time delay relay 
meeting requirements of MIL-R-6106 
and MIL-R-5757B_ for vibration, 
shock, acceleration, and temperature 
resistance. Extent of time delay is 
externally adjustable over a range 
from 0.030 to 120 sec. Illustrations 
are included. AGA Div., Elastic Stop 
Nut Corp. of America. 

> No. 73, Reader Inquiry Facility, page 257 
SHEET-METAL FABRICATION — 


Services described in an illustrated 2- 


page data sheet include: forming, 
welding, piercing, trimming, and 
painting. Facilities are available for 


fabricating contro] cabinets, switch 
boxes, and other units to JIC stand- 
ards, if desired. Typical products 
illustrated include hydraulic tanks, 
gear guards, and mounting brackets. 
Fabrication Div., Industrial 
ment Co. 
No. 74, Re 


Equip- 


SOLENOID VALVES—Data and ap- 
plication for 25 types of solenoid 
valves for automatic or remote control 
are described in a 4-page bulletin. 
Specifications are provided on models 
ranging in size from % to 3 in. and 
capable of handling pressures up to 
1200 psi (steam to 150 psi). Construc- 
tion details are pointed out and 
standard and special assemblies de- 
scribed. J. D. Gould Co. 
Circle No. 75, Reader Inquiry F 5 
DC-AC CHOPPER—Described in a 4- 
page brochure are 22 models of low- 
noise-level 60-cycle choppers offered 
in both single-pole and double-pole 
construction. Principles of operation 
are discussed and industrial uses in 
instrument servomechanisms, process- 
contro] equipment, precision-regulated 
power supplies and other equipment 
is pointed out. Specifications ratings, 
and other pertinent information are 
provided and block diagrams 
other illustrations included. 
Amold, Inc. 

Circle No. 76, Reader Inquiry Facility, page 257 


and 
Stevens- 


LOOM SWITCH—A manual, across- 
the-line starting switch for textile 
equipment, described in an_ illus- 
trated brochure, features a lint-proof 


construction. Stressed is the design of | 


the switch mechanism which consists 
of two separate units: the main con- 
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| figure 
MOHAWK 


saved us 


*8700 
this year 





This small threaded stamping with an off- 
center hole is typical of parts on which the 
Mohawk method can save you money, too. 

Mohawk stamps and taps in one opera- 
tion, eliminating expensive jigs, fixtures, and 
secondary operations. And uniform threaded 
parts with squarely tapped holes assure 
further savings in smoother production. 

As an example, one electrical component 
manufacturer found that it was costing him 
$3.52 per thousand for parts that Mohawk 
could deliver for $2.27. At a rate of 
500,000 pieces per month Mohawk saved 
him $8700.00 per year. 

Not only can Mohawk make the parts 
for less than it costs to manufacture them 
in your own plant, but there are no rejects 
—every part is usable. 

Specifications are held closely, right 
down to class 3 fit, and prompt delivery is 
assured even on intricate parts. 

Add a press department to your factory 
and save time, money, and headaches. 


Write or phone now. 


TEU 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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This booklet 
tells how... 





ton 
ne Apotias Gvineree — 
eiestnees Ten to Weunt 


This 32-page booklet can 

help you build or repair apparatus, 

to operate better at lower cost. Gives prop- 

erties and advantages, test data, construc- 

tion drawings, case histories, application 

details. Also describes the board products 
and composites. 


Achiia and Quinorgeo Electrical Insulations 


lengthen service life...simplify production...cut costs 


Quinterra is the pyrolysis-resistant 
dielectric that helps cut electrical 
apparatus costs. More and more man- 
ufacturers are using it to make ap- 
paratus smaller and safer, at lower 
cost. Its composites are being used in 
Class ‘‘B” and Class ““H” motor re- 
winding. It permits equipment to 
operate at higher temperatures be- 
cause it remains a dielectric despite 


Johns-Manville 
PURIFIED ASBESTOS 


ELECTRICAL INSULATIONS 
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heat and time the bulk of its 
dielectric strength is in the purified 
asbestos base sheet. Its mechanical 
strengths, thinness and flexibility per- 
mit economical application. 
Quinorgo is the moderate priced, 
high temperature insulation for use 
alone or in composites. Designed for 
operating temperatures up to 130C, it 
combines high dielectric and me- 


Name 
Company 


Street 


--—-—-—-------4 


City & Zone 


chanical strengths. High in absorp- 
tion Capacity, it can be readily treated 
and combined with other dielectrics. 

Furnished only in untreated form. 
Send for your free copy now! 
This new booklet is offered without 
obligation to electrical equipment 
designers, engineers, man- senmemiiie 
ufacturers and motor repair i 
wd AA 


shops. 





Johns-Manville, Box 60, New York 16, N. Y. EM-4 
In Canada, 199 Bay St., Toronto, Ontario. 


Please send me without charge copy of booklet EL-40A, 
“Pyrolysis Protection Pays Well.” 


My company 0 makes equipment 


O repairs equipment 


Title 


State 
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tacts and the overload tripping de- 
vice. The Arrow-Hart & Hegeman 
Electric Co. 

e No. 77, Reader Inq age 2 
ELECTRONIC COMPONENTS — 
Jobber’s catalog, containing 18-pages, 
provides data on a wide variety of: 
shock mounts, dynamotors, filters, 
miniature and _ standard-size tube 
sockets, vibrators, and other compon- 
ents. Construction details, dimensions 
and prices are given. Illustrations are 
included. Well Sales, Inc. 
ircle No. 78, Reader Inquiry ty, p 


page < 


SOLENOID VALVE — Illustrated bro- 
chure describes a UL-listed solenoid 
valve designed for controlling the 
flow of non-corrosive liquids and 
gases. Four body sizes and three ori- 
fice sizes are available. Wide range of 
applications are described and _illus- 
trated; design features are discussed, 
and specifications provided. A-P Con- 
trols Corp. 
No. 79, Reader Inquiry 


WIRES, CABLES, CORDS~—Specifi- 
cations for hook-up and lead wires and 
cables meeting military and commer- 
cial requirements are given in an il- 
lustrated 36-page catalog. Compre- 
hensive data are provided on avail- 
able insulations, sizes, UL ratings and 
other specifications. Discussed is the 
availability of special-order wire, ca- 
ble, cord and harness assemblies. 
Lenz Electric Manufacturing Co. 
No. 80, Reader Inquiry » 257 


GEARMOTORS, GEAR DRIVES 

Gearmotors and gear drives available 
in a wide variety of ratios are briefly 
described in an_ illustrated 4-page 
pamphlet. Motors are available in a 
variety of models and in AGMA out- 
put speeds from 780 to 7.5 rpm. Also 
discussed are heavy-duty worm-heli- 
cal vertical drives; parallel-shaft heli- 
cal gear drives in single, double, and 
triple reduction models; and worm 
gear drives available in horizontal and 
vertical types in single-worm, helical- 
worm and double-worm reductions. 
Foote Bros. Gear and Machine Corp. 










gpecificdhont on P e No. 81, 

for all electronic FLEXIBLE COUPLINGS I}lustrat- 
wires and cables will ed 8-page catalog describes couplings 
be supplied > 


designed for use in servomechanisms, 
electromechanical instruments, and 
other devices. Diameters range from 
34 to 1% in. and bore sizes from 1/16 
to 42 in. Covered are available coup- 
ling designs, hub styles, ratings, and 


prompt- 
ly. Call or write, 
today! 





: For Dependable Wiring, other data. Renbrandt, Inc. 
CHESTER CABLE CORP . VACUUM TUBE VOLTMETER - 
© Bit 8 3 8 8, N E W Two-page technical bulletin describes 


Model 202 voltmeter, designed to 
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Teeth of SPIN-LOCK Screw Final tightening embeds 
touch bearing surface teeth in surface, assur- 
before final tightening. ing positive locking. 


That’s the unique RB&W SPIN-LOCK Screw 


This patented new screw rings the bell three times: 


Stronger ...SPIN-LOCK exerts greater clamping force 
because of its heat-treated strength. It can’t loosen 
because its exclusive ratchet-like teeth lock into the 
surface, hold tighter than ordinary fasteners under 
vibration. 


Faster... .SPIN-LOCK needs no washers. It drives easily 
and quickly, even in hard-to-reach spots. No special 
handling is required —SPIN-LOCK screws can be hop- 
per-fed. 


Saves money ...SPIN-LOCK’s one-piece construction 
means there’s just one part to buy and stock. Purchas- 
ing and inventory-taking move along faster, cost less. 
Faster assembly cuts costs. Hex, pan, truss, flat heads. 


For complete data on RB&W SPIN-LOCK 


Screws, refer to our catalog in the 


PRODUCT DESIGN FILE of Sweet's Catalog. 





Russell, Burdsall & Ward Bolt and Nut Company— 
The Complete Quality Line. Plants at: Port Chester, 
N.Y., Coraopolis, Pa., Rock Falls, Ill., Los Angeles, 
Calif. Additional sales offices at: Ardmore ( Phila.) Pa., 
Pittsburgh, Detroit, Chicago, Dallas, San Francisco. 
Sales agents: Portland, Seattle. Distributors from 
coast to coast. The 


U.S. Pat. No. 2,253,241 


Tighter, Stronger, Surer Fastener! 





108 YEARS MAKING STRONG THE THINGS THAT MAKE AMERICA STRONG 
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| measure a-c voltages from 0.001 to 
TIME DE LAY RE LAY’S | 300 volts full scale in the frequency 


range between 20 cps and 2me. It has 

e an accuracy of + 3 per cent (full 
Basic Extras at No Extra Cost | scale) to 100 ke and +5 per cent 
(full scale) to 2 me. A block diagram 

| and complete specifications are pro- 

vided. Shasta Div., Beckman Instru- 


ccuracy and . i ae Ie ae a 
a Uniformity on 
. jibrating AUTOMATIC LUBRICATION-—Au- 
tic Cal | om 
Magne hod of factory- tomatic lubrication systems for hy- 
s meth’. wo throus draulically powered equipment, such 


as machine tools, are described in a 
4-page illustrated catalog. The pumps 
connect to the supply line of any 
double-acting cylinders. No control 
valve are required because twin-seal- 
ing with vent between prevents the 
mixing of lubricant and hydraulic 
fluid. Trabon Engineering Corp. 
No. 84, Reader Inquiry Facility, page 


RE-RATED MOTORS-—Three cata- 
logs use text, cutaway views and other 
illustrations to point out advantages 
of the completely new Tri-Clad 55 
motors designed to meet the new 
NEMA frame dimensions. Data are 
provided in publications GEA-6012, 
GEA-6013, and GEA-6027, on fea- 
tures and ratings of: enclosed models 
(1-30 hp), drip-proof models (1 to 30 
hp), and gearmotors (with output 
speeds 780 to 5.7 rpm; 1-30 hp), re- 
spectively. General Electric Co. 

e No. 85, Reader Inquiry Facility, page 257 


MECHANICAL LEATHER—Devel- 
opment of a leather impregnating ma- 
terial that effectively controls povosity 
| while retaining the desirable proper- 
| ties of leather is described in an 8- 
page pamphlet. Three modifications 
of the basic plastics impregnant 
(which remains flexible at —70 F and 
will not soften below 300 F) makes 
possible mechanical leathers for vari- 





ous industrial applications. Elgin 
Div., Chicago Rawhide Manufactur- 
ing Co. 

GENERAL SPECIFICATIONS a ” 


Standard Types 


Operating Time: 2 to 300 seconds ELECTRONIC COMPONENTS-II- 


lustrated $34-page catalog describes 
a variety of capacitors, controls, 
switches, insulators and printed cir- 
cuits. Included are: steatite ceramic 
insulators, resistor and resistor-capaci- 
tor printed electronic circuits, molded 
disk ceramic capacitors, miniature ro- 
tary switches, and many others. Com- 
plete data are provided. Centralab, 
+ | Div. of Globe-Union Inc. 
INCORPORATED f | Circle No. 87, Reader Inquiry Facility, page 257. 


Instrument Division 


Heater: 5 watts continuous excitation 
at 6.3, 26.5 and 117 V. AC/DC 


Contact Rating: 6 Amps Max. 


Vibration & Shock: !/\4” overall i 
amplitude at 55 cps. 50 g. i 









Features 


Hermetically Sealed 

Micanol base is standard on all types 
Over 400 variations to choose from 
Delivery from a stock of many types 


Greatest range of time delays 
available in any thermal relay. 





PLASTICS, SERVICES — The four 
families of plastics described in a 20- 
page catalog include Styron (polysty- 


YOU CAN ALWAYS RELY ON EDISON rene), Saran (polyvinylidene chloride), 
Ethocel (ethylcellulose); and_ vinyl 






53 Lakeside Ave., West Orange, New Jersey 





ta 0 
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But LomilimeL 


“you want ROAST BEEF 


THE SAME WITH STAINLESS STEEL 


During the years that chromium-nickel grades 
of Allegheny Metal were restricted to essential 
uses under priorities, we made great strides in 
the development of alternate stainless grades. 

These alternate grades are good, mind you! 
In most cases, you'd never know the difference 
in looks or performance; and in many cases 
there’s little or no difference in fabricating 
methods, and a possible advantage in cost. With- 
out doubt, they'll continue to be 
used in hundreds of applications. 

But there are other hundreds of 
uses where only a chromium-nickel 
grade of Allegheny Metal will do 
the job dest . . . because of unusual 
strength requirements, perhaps—or 
the need for exceptional corrosion 
resistance or for non-magnetic 


1954 


You can make it BETTER with 


Allegheny Metal © 


Warehouse stocks carried by all Ryerson plants 


properties, special fabricating qualities, etc. 

Now that all alloy materials have been freed 
from controls, we can produce amy grade of 
stainless steel you may require; and as always, in 
any shape or form. @ Give yourself a competitive 
edge with Allegheny Metal . . . and let us help 
you determine the grade that exactly fills the bill. 
Allegheny Ludlum Steel Corporation, Oliver Build- 
ing, Pittsburgh 22, Pa. 
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These are the precision Con- a 
nectors you saw featured at || me 
the I.R.E. SHOW, Connectors = = 


long established as the finest ; 
in the electrical connector art. 9 


These and many others...or 
completely new designs...are ; 
quickly available to you...for ay 


long and dependable trouble- 
free service. 
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“HM” 


Used with 
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Receptacles 
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MINIATURE 


Ate 


24 ACTUAL SIZE 
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Winchester Electronics, Inc. 
Products and Designs Are Available Only 


from Winchester Electronics, Inc. 


WEST COAST BRANCH: 


1729 Wilshire Boulevard, Santa Monica, California 
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SUB-MINIATURE 
hove 
—_ Rane a 


HERMETIC PLUG 
{Round Hole) 








TYPES “CR” 





‘Winchester ‘Blectronics 


ELECTRICAL 
CONNECTORS 


The Accepted Standard for 


QUALITY © COMPACTNESS © RUGGEDNESS 


LIGHT WEIGHT © DEPENDABILITY 


HEAVY 
DUTY 


SERIES TYPES “200” 


to “900” 








“AN” Shells 
Ve ACTUAL SIZE 


TYPES “RA” | 
& “RB” ” 


ee 


4oa9 
Yq ACTUAL SIZE 


Contacts 
SERIES 
“av 


AIRCRAFT 






7, 10, 
15, 18 
Contacts 


SIZE Yq ACTUAL SIZE 


. Many features are covered by 
our Patents: Nos. 161900, 
162792, 2411861, 2466370, 
2513080, 2526325, 2532538, 
2633482 and 2659872. 


Wire or write for catalog of 
other types or advise your spe- 
cial requirements. 


& “CM” 


’ EA chester 
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GLENBROOK, CONN., U.S.A. 





resins. Properties 
other data are given. 


sive 


applications and 
The comprehen- 
technical services available 


are 
discussed and additional technical 
publications listed. The Dow Chem- 
ical Co. 

No. 88, 


GEARMOTORS—Complete with cut- 
away and other illustrations, 
four-page catalog describes a line of 
gearmotors with output speeds from 


view 


7.9 to 780 rpm. Capacity range ex- 
tends from 1 to 30 hp for AGMA 
Class I, II, or III service. Design 


features are pointed out and a selec- 
tion chart is included. Howell Electric 
Motors Co. 

No. 89, Reader 


CYLINDERS FOR AUTOMATION— 
Illustrated 12-page catalog contains 
engineering data on five models of 
air cylinders, each available in eight 
sizes, for heavy-duty applications in 
automatic machinery. 
from 1% to 6 in. Rating is 200 psi. 
Dimensions, available mounts and 
other data are furnished. Petch Manu- 
facturing Co. 

No. 90, | 


Bore sizes range 


BRONZE BEARINGS—Data are pro- 
vided in a 26-page catalog on Oilite 
heavy-duty bronze bearings, as well 
as on bar and plate stock. Bearings 
are made of metal powder; the bronze 
used is composed of copper and tin, 
with no base metals, graphite or other 
adulterants being used. Tables, curves 
and case histories are included. Am- 
plex Div., Chrysler Corp. 

4 No. 91, f ry F 


BERYLLIUM COPPER SPRINGS 

Stocked beryllium copper spring com- 
ponents, described in an 8-page cata- 
log, include: high-fre- 
quency contacts 


contact strips, 
“flea” 


for printed circuits and subminiature 


contact rings, 
vacuum tubes: and helical compression 
rings. Availability of special-order flat, 
strip and helical compression springs 
described. Complete data and_ il- 
lustrations are included. Instrument 
Specialities Co., Inc. 
No. 92, | 


is 


ELECTRIC COMPONENT FACILI- 
TIES—Illustrated brochure 
design and development facilities for 
production of transformers, cable har- 
control units 


describes 


nesses, and other com- 


ponents. Emphasis is on flexibility of 


services offered. Electronics  Div., 
Rollins Corp. 
No. 93, 


INDUSTRIAL THERMOSTATS 
Semi-enclosed and hermetically 
ed styles of Type A 
thermostats are 


seal- 
bimetal disk 
discussed in an illus- 
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Surprising, the confidence that people have 
in spark plugs. No one stops to question how 
many “sparks” they’re good for, because long- 
life performance has come to be taken for 
granted. Yet, when you get right down to it, 
you'll find good reasons for this complete con- 
sumer confidence. And, from a “sparking” point 
of view, perhaps the most important is the al- 
most universal use of special Hoskins alloys for 
the vital electrode wires. 


Producing the wire that sparks your car to power 
is a tough and tricky business. It requires special 
care in the selection of raw materials. Special 
melting and production techniques. Plus ex- 
tremely close control over alloy composition and 
uniformity of quality throughout the entire man- 
ufacturing process. 


Yet that’s exactly the kind of alloy that Hoskins 
is qualified to produce best. For, among the other 
quality-controlled alloys developed and manufac- 





tured by Hoskins are: Alloy 717—for facing engine 
valves; Alloy 785—for brazing belts; Alloy 502 
—for countless heat resistant mechanical applica- 
tions. Then, too, there are the Chromel-Alumel 
thermocouple alloys . .. guaranteed to register 
true temperature-EMF values within specified 
close limits. And, of course, Hoskins CHROMEL 
. . . the original nickel-chromium resistance alloy 
used as heating elements and cold resistors in 
countless different products. 


Hot stuff for hot Jobs! Heating elements made of Chromel-Alumel thermo- 
Hoskins Alloy 502 is ideally Hoskins Chrome! deliver full- couple alloys accurately 
suited to many mechanical- rated power throughout their measure exhaust tempera- 


tures of jet aircraft engines. 


structural applications, long and useful life. 


X NICKEL’ ‘CH 


APRIL 


MANUFACTURING COMPANY 


4445 LAWTON AVENUE, DETROIT 8, MICHIGAN 
















HAGEN 


MANUFACTURING COMPANY = INC. 


Announces..-- 
the Availability of 


Designed to 
meet your 


thi — 
NUTT 


SEND US YOUR TIMING 
SPECIFICATIONS 


Now you can add simple, adjustable 


timers to your products at lower cost. 
Let inexpensive timers solve your control’ 


problem for greater profits. 


a PN EN MANUFACTURING 


COMPANY _INC. 
MOLINE, ILLINOIS 


Subsidiary of EAGLE SIGNAL CORPORATION 
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trated 2-page bulletin. Suggested ap- 
plications are given and its operating 
principle is described. Performance, 
dimensions, construction details, rat- 
ings, and mounting arangements ar 
covered. Stevens Manufacturing Co, 
rcle No. 94, Reade ige 257 
CASTING RESINS—Described in an 
illustrated pamphlet are the proper- 
ties of a series of resins resistant to 
both high and low temperature (—60 
to 200 C) and designed for encapulat- 
ing and impregnating electronic com- 
ponents. They are said to have excel] 
lent mechanical and electrical proper- 
ties, and to exhibit a marked adhesion 
to metals. Data are provided. Aries 

Laboratories, Inc. 
e No. 95, Re f y Facility, 257 


METER-RELAYS—Eight-page pam- 
phlet describes 11 control and alarm 
circuits using meter-relays. Included 
are over- or under-voltage alarm and 
temperature control circuits. Princi- 
ples of operation of meter-relays 
and some of their limitations—are dis- 
cussed. Control can be provided with 
variations as small as 0.2 microamp 
or 0.05 millivolt. Assembly Products 
Inc. 
No. 96, | 


ELECTRO PLATING WITH RHO- 
DIUM—Usetul engineering informa- 
tion is provided in a 24-page pam- 
phlet on the properties of rhodium 
that made it useful in electrical and 
electronic applications where a low- 
resistance, long-wearing, oxide-free 
contact is required. Thicknesses of 
plating ranges from 0.001 to 0.000001 
in. (0.000005 in. on printed circuits). 
Discussed are undercoat platings, 
cost, and procedure for plating. Baker 
& Co., Inc. 

No. 97, 


INDUSTRIAL SEAL—A 4-lipped rub- 
ber seal, the Quad Ring, which resists 
spiral twist, is described in an illus- 
trated brochure that points out its 
advantages in hydraulic and pneu- 
matic service. Features of the injec- 
tion-molded rubber rings are pointed 
out. Available sizes correspond to 
those of standard rubber O-rings. 
Minnesota Rubber and Gasket Co. 
No. 98, | t 


SOLENOIDS—Described in an_ illus- 
trated brochure are four basic models 
of a standard stock solenoid with a 
total of 12 sets of characteristics. 
Pointed out are its features, including 
the design of the magnetic circuit, the 
positioning of the shading poles, and 
coil construction. Technical data and 
power curves are included. Soreng 
Products Corp. 
No. 99, 
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for Radial Drill 







For Electric Roll Heater 


Ring Collector 


ECTOR RINGS 
yECTO 


to your Specs 1cations 


22 Ring Crane Collector 








THE B. A. WESCHE ELECTRIC CO. 


4 Ring Radial Drill 
Collector 


1626 VINE ST. 





15 Ring 
Crane 
Collector 





APRIL 


1954 


Wesche Collector Ring assemblies are usually designed and 
built for a specific application. They serve to complete electric 
circuits between stationary and revolving parts. 


Typical applications are electrically heated rolls, revolving 
platforms or cranes and rotating parts on machinery. 


Welco Collectors are assembled with bronze rings in- 
sulated from each other with phenolic or fibre. The 
required number of terminals extend from one or both 
ends. Two to more than forty rings may be assembled 
into a single unit with ratings from fractional to more 
than 200 amperes. 


Rings for Thermocouples are made of silver to reduce 
contact drop. Rings are made up to 48” diameter and 
can be supplied split for mounting on existing ma- 
chinery, such as shovels, cranes and bridges. 


Space limitation is one of the deciding factors in the 
design of a suitable collector. 


Our catalog contains a data sheet which makes it easy 
for you to furnish complete information on your ree 


quirements. 






today for your free 

copy of this catalog con- 

taining data sheet and 

*. specifications for a group 
at of standard design rings. 


CINCINNATI 10, OHIO 














nll wil 
BEAR! 
Roller Bearings 


as small as 


0.4724” OD 
an RMB first 


@ For heavy radial loads 


@ Separable raceways for easier 
assemblies 


@ Shielded against contamination 
@ Sizes from 0.4724”OD to 1.0236”0D 
e@ Available now 


Bring your Miniature 
Bearing Problems to RMB 


A complete line of over 250 miniature and 
instrument bearings including pivot, radial 
and roller types are available for prompt 
delivery. Experimental quantities from stock. 


Write for catalog 13, 
or see our catalog in Sweets Files. 


SEL ANDIS AONE, 


INCORPORATED 


45 West 45th St. « New York 36, New York 








Feature Article Reprints 





SELECTED feature articles from each 
issue of ELECTRICAL MANUFACTURING 
are reprinted in complete form for 
convenient filing and to avoid muti- 
lating copies of the issue. 

New or recent reprints available 
through the Reader Inquiry Facility 
are listed immediately below. Any 
qualified reader may secure single 
copies without charge. Following this 
listing of free reprints are combined 
reprints of several related articles on 
selected subjects; copies are available 
at prices stated. 


Titles Available Through 
Reader Inquiry Facility 
Each reprint described below car- 
ries a key number which is repeated 
in the reprint subject list in the 
Reader Inquiry Facility. On one of the 
postpaid return cards, circle numbers 
for the reprints wanted and mail. 
Quantities are limited, and when the 
initial supply for any title is distrib- 
uted the item is withdrawn and no 
more requests can be filled. 


New Titles Now Ready 


These new feature article reprints 
are now available for distribution. 


Electro-Hydraulic Servo Systems, 
April 1954, 12 pages. The design 
criteria of fast, accurate closed-loop 
control circuits for machine tools 
using electrical sensing and hydrau- 
lic actuation for high inertia loads. 


(111) 


Design of Graphic Control Panels, 
April 1954, 17 pages. The essential] 
elements of and principal instru- 
ments and other components enter- 
ing into complex centralized process 
control panel boards are described 
and illustrated in great detail. (114) 


Arcing Performance of Plastics Insu- 
lation, April 1954, 8 pages. Results 
of tests on various plastics dielec- 
trics made at Boeing Airplane Co. 
indicate what materials used in elec- 
trical component design will not 
sustain an are under aircraft operat- 
ing conditions. (118) 


Earlier Titles Available 


For many of the reprints announced 
earlier, only those titles listed below 
are still available through the Reader 
Inquiry Facility and quantities in 
some instances are low. 


Wide Speed Range Electrical Drives, 
March 1954, 8 pages. Available 
commercial types analyzed as to 
basic system, power, speed range 
and regulation; performance char- 
acteristics, advantages and _ limita- 
tions are tabulated. (133) 


Human Engineering in Control Sys- 
tems, March 1954, 12 pages. Re- 
view of fundamental principles and 
considerations in the man-machine 
relationship; case histories. (132) 


Simplifying Fabrication of Printed 
Circuits, February 1954, 8 pages. 
Improved stencil-etch process cuts 
production time; detailed descrip- 
tion of technique; bibliography of 


18 references. (112) 


Silicone Rubber as Electrical Insula- 
tion, February 1954, 12 pages. Ap- 
plications for sheet, tape, and ex- 
trusions for cable and wire in 
motors, transformers and _appli- 
ances; report of corona tests show- 
ing exceptional resistance. (134) 


Reference-Voltage Circuits for Auto- 
matic Controls, January 1954, § 
pages. Survey of methods and cir- 
cuits providing a constant reference 
potential under variations in input 
voltage and output loads; includes 
electronic circuits, glow tubes and 


magnetic circuits. (135) 
Research Progress in  Dielectrics— 
1953, January 1954, 12 pages. 


Seventh annual review of confer- 
ence on electrical insulation; dis- 
cussion of thermal classification a 
major topic; studies of ferroelectrics 
and electrical degradation reported. 


(113) 


Selection of Permanent Magnet Mate- 
rials, January 1954, 8 pages. Mag- 
netic characteristics, application 
and design factors, mechanical 
properties and manufacturing meth- 
ods summarized and tabulated for 
19 types of cast, sintered and 
formed materials. (115) 


Magnesium Castings, December 1953, 
8 pages. Review of properties of 
alloys suitable for sand castings, 
permanent mold and die casting; 
production methods and typical ap- 
plications. (137) 


Printed-Circuit Design Sources, De- 
cember 1953, 4 pages. Tabulation 
of commercial and experimental 
design and fabrication services; sur- 
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Starts-and-Stops 
per minute 


DIEHL Type ‘u” Power Transmitters 


Unequalled for Repeated Start -Stop Machine Operation 


V-BELT DRIVE PULLEY 
HIGH INERTIA FLYWHEEL 


Repeated, rapid start-stop machine operation, im- 
practical with conventional motor drives, is now 
obtainable with Diehl Power Transmitters. Forty or 
more starts and stops per minute, hour after hour, 
are commonplace with these drives. Many manu- 
facturers have made substantial increases in machine 
output by the shortening of acceleration and deceler- 
ation waiting periods. 


In one compact unit, the Diehl Power Transmitter 
incorporates a totally-enclosed fan-cooled ball bear- 
ing motor; a high inertia, dynamically balanced 
flywheel; a positive short-throw, lever-actuated 


Name a 
Company — 
Available in sizes from % H. P. to 5 H. P. Se 
900, 1200, 1800 and 3600 R. P. M. City State 


= 


HEAVY DUTY CLUTCH 


Electrical Division of THE SINGER MANUFACTURING COMPANY 


Please send me the following bulletins 
[| Type “J Power Transmitter Bulletin No. EM-3303. 
Consolidated Motor Catalog and Price List No. EM-3310 


POWERFUL BRAKE 


TOTALLY ENCLOSED MOTOR 


clutch brake assembly. The actuation may be con- 
trolled mechanically or electrically. 


These Power Transmitters are now used extensively 
on machine tools, textile machinery, winding and 
spooling equipment, conveyors and many other types 
of machinery where repeated starting and stopping 
is required. In countless instances, the use of Diehl 
Power Transmitters has made it possible to simplify 
machines, reduce costs, improve operation, save 
space and eliminate over-motoring solely for accelera- 
tion. Many of your troublesome machine drive prob- 
lems may be solved with Diehl Power Transmitters. 


Finderne Plant, SOMERVILLE, N. J. 
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MECHANICAL CONSTRUCTION 
OPERATING CHARACTERISTICS 
FORCE CURVES 

OPERATING TIME CHARACTERISTICS 
HOLD TIME CHARACTERISTICS 


SENSITIVITY «¢ ADJUSTMENTS 


MOUNTINGS e ENCLOSURES 


DIMENSIONS e WIRING DIAGRAMS 


STANDARDS $ OPERATING LIFE 


SALT SPRAY e TEMPERATURE CYCLING 


HUMIDITY e IMMERSION 


BAROMETRIC PRESSURE 


MOISTURE RESISTANCE e VIBRATION 


ACCELERATION ¢ DIELECTRIC 


FINISH « ETC. 


for the solace of those who bad only 
one reason for reading the above and 
who are disappointed, we bave anotber 
book for sale more to their taste 
“Sigma Instruments Ink” (Ads and 
selected mail 


s Sate 
Price $1.00 postpaid ” 








SIGMA 
SENSITIVE RELAY 
FACTS 


i 





The Sigma Relay Manual is frankly pat- 
terned after the RCA Tube Hand Book 
which in our view is one of the best 
things in the industry. It will be a long 
time before the Manual, even in its 
much more limited field of usefulness, 
achieves anything like the near per- 
fection of its model. 


Howsoever, there are here assembled 
all known facts about each Sigma relay, 
type, series, and adjustment. Each 
available combination is tabulated so 
that it can be selected with foreknowl- 
edge of all important attributes, notably 
including ratings under all test conditions 
selected for regular proof testing. 


Doubly important is the fact that in 
the Sigma Relay Manual is provided a 
means whereby — through the regular 
supplement service —new information 
can be easily accumulated and dis- 
seminated. 


The Sigma Manual Service consists of 
the basic loose leaf manual of approxi- 
mately 260 pages and additional and 
replacement pages in groups as issued. 


SUBSCRIPTION PRICE IS FIVE DOLLARS, 
YEARLY RENEWAL, ONE DOLLAR. 


SIGMA INSTRUMENTS, INC. 


60 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS. 
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Direct-Indicating 


vey of materials used, end-product 
specialties, and design information. 


(138) 


Recording Instru- 
ments, November, December 1953, 
16 pages. Combined reprint of 
two-part article covers applications 
and functional requirements, and 
design elements and operating prin- 
ciples; for engineering testing use, 
as well as integral components of 
electrical products. (119) 


Power Factor Measurement, July, Au- 


gust 1953, 20 pages, Combined 
reprint of two-part discussion of 
characteristics of usual power factor 
instruments, and their indications 
on non-sinusoidal power 
such as electronic rectifiers; a meth- 
od of power factor analysis for non- 
sinusoidal wave form. (139) 


sources 


Tape-Controlled Machines, November 


1953, 8 pages. How human skill is 
recorded and repeatedly fed into a 
machine control system to eliminate 
human variables in long or short 


runs. (130) 


Voltage and Vibration Effect on Motor 


Insulation, November 1953, 8 
pages. Report on insulation life 
tests using methods developed at 
NRL to simulate motor winding 
conditions. (131) 


Fast-Acting Digital Memory Systems, 


October, November 1953, 20 pages. 
Combined reprint of two-part sur- 
vey and evaluation of available 
memory devices; characteristics and 
operation of moderate and_high- 
speed storage systems. (116) 


Ceramic-Metals for Component De- 


sign, October 1953, 8 pages. Types 
of ceramic-metal aggregates, prop- 
erties and applications; for highly 
stressed and wear-resistant parts in 
high-temperature service. (120) 


New Functions for Wire Terminals, 


October 1953, 8 pages. Eleven case 
histories show effective combina- 
tion of structural functions and 
solderless connectors to reduce cost 
and improve performance. (117) 


New Nonrigid Materials for Insulating 


Systems, September 1953, 16 pages. 
Survey and evaluation of new mate- 
rials and composite structures im- 
portant in the functional design of 
electrical insulating systems. (123) 


Adjustable-Speed Drives, November 


1952, 24 pages. Concise, complete 
and systematic survey of all the 
various types of electric motors, 
power conversion systems and con- 
trol methods available to solve ad- 
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A Name to Remember 


Experience is a valuable asset in the development, manufacture 
and distribution of any product. In this respect we offer you 
the cumulative benefits of Continuous Service to Industry Since 


1887 ... including origination and pioneering of mass-produc- 


tion equipment for the economical manufacture of washers, 





THE WORLD’S LARGEST PRODUCER OF WASHERS 
2200 SOUTH BAY STREET 


APRIL 1954 


WROUGHT WASHER MFG. CO. 


MILWAUKEE 7, WISCONSIN 


SINCE 1887 


No matter what your washer requirements may 
be... whether for U. S. Standard Washers, 
SAE Washers, Rivet Washers, Lock Washers, 
Light Steel Washers, Finishing Washers, Machine 
Bushing Washers or Special Washers of any size, 
any desired material or finish... “MILWAUKEE 
WROT WASHERS” is the name to remember! 
Here, in the world’s largest plant devoted to 
this specialized type of production, we have 
available more than 25,000 sets of dies — a 
priceless asset in providing the most complete and 
comprehensive selectivity to meet your needs. 


Write for Catalog “30”. 


WASHERS 


STAMPINGS 


If it can be punched out of metal—if die-making 
ingenuity and tool-making facilities can provide 
the means for producing stampings to meet your 
production specifications; if the job can be han- 
died most advantageously as a stamping—again, 
“MILWAUKEE WROT” is the name to remember. 
Here is a soundly established source of supply 
you can rely on — plus Quality Standards that 
are a source of pride to us, as manufacturers, 
and a source of satisfaction to our most dis- 
criminating customers. We'd like to serve you. 


Let us quote on your requirements .. . covering 
fabrication in any material and in any finish. 
Furnished machined, heat-treated or surface- 
ground, as may be specified. 
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scientifically... 
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Silicone rubber 


the source of these 


@abulous 


heat and cold proof 


(from 100 below to 500 above) 
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silicone rubber coated fabrics are made for 
—— See’ Special purposes, are entirely new and unique 
— without a counterpart. Organic rubber breaks down and 
melts under high heat, cracks like glass at temperatures 
below —50°F. Other materials do not have the strength required 
to serve under conditions encountered in stratosphere 
flying or hot-spot electrical components. Some of these fabrics 
are fortified with Dacron, Nylon, Orlon or Fiberglas when 
necessary. Orlon brings long flex-life; Fiberglas, the strength of 
steel; Dacron and Nylon, great wearing and weathering power. 
Even the characteristics are fabulous — remarkably low 
compression set, high dielectric strength, resistance to hot 
oil, hot gas, fly ash, coolants, mild acids and alkalies, infrared 
rays. We recommend these fabrics to you with complete 
confidence for bellows, boiler seals, diaphragms, duct tunnels, 
expansion joints, fire curtains, oven conveyor belts, steam 
generator installations, transformer windings, vibration dampers. 







Samples and Price List on request 
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justable-speed drive problems; a 
guide for the selection of the 
proper drive for a given machine; 
comprehensive 8-page bibliography 
includes references to texts and arti- 
cles on current trends. (128) 


1953, 8 pages. Composition, found- 
ry considerations and _ properties 
of lightweight alloys suitable for 
sand, permanent mold or die cast- 
ings. (129) 


A we | Aluminum Casting Alloys, August 


What Makes Automation Click, July 
1953, 8 pages. Details of electrical 
control systems developed by Ford 
engineers to transfer parts between 
automatic-cycle machine tools. 

(121) 


Qualification Testing of Control Re- 
lays, June 1953, 8 pages. Rapid test 
reproduces four types of actual 
service conditions; test results point 
to greater emphasis on reliability 
and several specific design improve- 
ments for industrial control service. 


(136) 


| Prices for Bulk Quantities 


The above list includes all reprints 
currently available without charge. If 
more than one copy of a title is want- 
ed, bulk quantities may be purchased 
in lots of five or more at the prices 
per copy given in the table below. 


Quantity Number of pages in reprint 
ordered 4to8 12 16 24to 32 


S $0.30 0.40 0.50 0.75 


| 10 0.25 0.35 0.45 0.60 
} 25 0.20 0.30 0.40 0.50 


Prices shown are per copy and in- 
clude postage; quotations on larger 
quantities will be supplied on request. 
Since these prices do not provide for 
invoicing and accounting cost, all or- 
ders must be accompanied by remit- 
tance, including 3 per cent sales tax 
for New York City deliveries. Send 
order to: 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Design 


Compendiums 


Enlarged Compendium 
on Servo Design 


Since the publication of the Design 


| Compendium on “Designing Servo- 
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SPEED CONTROL 
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Completely unlike any conventional variable speed drive —-SPECON 
controls production by the action or condition of the product being 
processed — with minimum operator attention. Everywhere in today’s 
high speed industrial operations — steel, textiles, rubber, plastics and 
paper are but a few —this new design principle substantially lowers 
operating costs and assures higher product quality. 


STEEL 


SPECON can play an important part in stepping up your production 
efficiency, too. We'll be pleased to show you how. Write to: Speed 
Control Div., Fairchild Engine & Airplane Corporation, Wickliffe, Ohio. 


FEATURES OF SPECON 





% Instant automatic performance provides uni- 
form uninterrupted speed acceleration. 


% Winding tension may be constant — or 
tapered for any desired build-up ratio. 


* Full torque continuously available — at 
low and zero speeds. 


% Unequalled safety and dependability with 
unique, positive adjustment feature. 


% Easy on-the-spot adjustments to meet 
changing production requirements. 


% Minimum maintenance results from 
standard interchangeable 
gears and motors. 


ENGINE AND AIRPLANE CORPORATION 


FAIRCHILD 
Sheed Cital Dividiion 


Wickliffe, Ohio 





Aircraft Division, Hagerstown, Maryland + Engine Division, Farmingdale, N.Y. 


Guided Missiles Division, Wyandanch, N. Y. + Stratos Division, Bay Shore, N.Y 
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PAPER TUBE PRODUCTS to Your 
EXACT SPECIFICATIONS 


NIEMAND BROS. produce many 
types of paper tube products 

to meet the varied needs 

of the electrical and 

mechanical industries. 


Diameters from .093” to 2” and up—wall 
thicknesses of .003’to.060’— printed or 
plain—materials such as high dielectric 
kraft, fish paper, foils, special protec- 
tive coated and laminated papers. 


We also make precision drawn 
paper caps from .141” to 2” in 
diameter, as well as special 


mechanism Systems” two vears ago, a 
continuing editorial program — has 
brought eleven more articles in this 
series. Recent articles have empha 
sized the application of basic servo 
ideas to integral-horsepower and mul 
ti-motor drives. 

To provide a more rounded data 
file on this subject of growing signifi- 
cance, a second edition of the com- 
pendium has been pre pared which 
includes a selection of six of the more 
recent articles. Total number of pages 
has been increased from 56 to 96, and 
the booklet now combines 13 articles 
and a bibliography of 80 references. 

The series of four Herst articles on 
basic servo design are retained in the 
new edition, as well as two articles on 
transducers, and three on applications 
of servo systems. New articles discuss 


die-cut washers and parts to 


servo control for powel drives for 
required specifications. 


winders and automatic balancing, and 


Our medem; thane multi-motor variable-speed — drives. 


equipment and improved 


methods of production result oe 


New articles are concerned primarily 
with power drives and control in the 
in economy and rapid delivery. integral-horsepower range. 
Send us your specifications — our SS 
highly trained staff will be happy 

to serve you. 


Copies of this 96-page S x 11-in. 
booklet are available to readers at 
$2.50 each on orders accompanied by 
remittance. For an annotated list of 
the contents of this revised compen 
dium, see page 358. 


NEEMAND BROS.UING. Moupfectirers of 


PAPER TUBE PRODUCTS 


Because of the expense involved in 
37-05 THIRTY-FIFTH AVENUE * LONG ISLAND CITY 1, N. Y. 


producing a booklet combining a num- 





ber of reprints on related subjects, the 
free service offered on individual re- 
prints cannot be extended to “Design 
Compendiums.” The following addi- 


accurately controlled — : Ce ‘ tional titles are available at a modest 
a re : Tre 
UCTS aay | 


| charge to cover costs of printing and 







handling. To keep expense to a mini- 


HEATING LIQUIDS 


fer MELTING SOLIDS 


in Tanks and Vessels 






mum, copies of these compendiums 
are offered only on requests accom- 
panied by remittance (including 3 pet 
cent sales tax for New York City de 
livered.) Send orders with remittance 
to: 
J. A. Campbell 
Director of Reader Service 
ita aye HEATERS The Gage Publishing Company 
1250 Sixth Ave., New York 20 
: Automatic Production, 72 pages. De 
TYPE 3=—§ Ss sign Compendium No. 7. Selection 
Wor of 12 articles published since 1945 
giving detailed data on automatic 
production systems, work handling 
methods, monitoring controls, auto- 
mation, tape-controlled machines 
and other related developments. An 


The most efficient method of heating fluids in 
tanks, kettles, steam tables, boilers, etc. Watlow Units 
are designed for low internal operating temperatures— 
which results in maximum life. Available in brass, steel 
or nickel alloy, also stainless steel sheaths, for maximum 
corrosion resistance. Standard sizes: 34” to 2” dia.; 312” 
to 60” lengths; 10W-35W densities. Special sizes and 
shapes built to your specifications. 





Send for your free copy of — annotated list of contents was pub- 
Watlow Electric Heating Units Catalog rs lished in February 1954, page 324. 
; $2.00 
Applying Magnetic Amplifiers, 72 
SINCE 1922—DESIGNERS AND MANU- age ote ’ , : \ 
FACTURERS OF ELECTRIC HEATING UNITS | pages. Design Compendium No. 
1A. Second edition of this popular 
ELECTRIC MFG. CO a | booklet has been expanded to in- 
1 36 2F ERGUSON AV E. clude four recent feature articles 


in addition to the series by Dorn- 
hoefer and Krummenacher. For an 


E SAINT LOUIS 14, MO. 
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Copper Castings and 
Forgings of Certified 
High Conductivity 








Your guarantee of uniformly high conductivity in copper castings 
and forgings is the individual certification that Philadelphia Bronze 
and Brass places on each piece supplied to vou. 


Before shipment, every casting and forging is checked by the most 
modern Magnatest apparatus. The value of conductivity that 
appears on the certificate label is no vague minimum specification 
... but the actual measured figure. 


The exceptionally high conductivity of PB&B products—at least 
90% in castings and 95% in forgings—results from these manu- 
facturing practices: 


@ Only highest grade electrolytic copper is used for 


castings. 


@ Only certified oxygen-free high conductivity copper 
is used for forgings. 


@ Careful control is maintained over every step of 


pre cessing. 


PB&B offers complete service that produces finished parts—both 
large and small—in accordance with your own drawings. All 
essential operations of pattern making, alloying, casting, forging 
and rough or finished machining are under one management... 
one responsibility. Also available are a selection of high-strength. 
corrosion-resistant alloys for structural use in electrical equipment. 


For a detailed discussion of your particular application, write to 
Philadelphia Bronze & Brass or to any of the field sales offices of 


P. R. Mallory & Co. Ine. 


| PHILADELPHIA 








, a BRONZE & BRASS CORP. 
| fy i LO RY 22nd and Master Streets, Philadelphia 21, Pa. 

: METAL S a subsidiary of SOE 

: MALLorY 
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annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


Designing Servomechanism Systems, 
96 pages. Design Compendium No. 
3. Thirteen feature articles or relat- 


ed phases of design of feedback con- 

trol or servo systems and servo ap- 

plications, including the series of 
& * e four articles by Herst. For 





. For a com- 
plete list of the contents of this 
booklet see page 358. $2.50 


Engineering Testing as a Design Tool, 
76 pages. Design Compendium No. 
4, Twelve articles in a planned pro- 
gram covering instrumentation as a 
function of product development; 
environmental testing, sound and 
vibration, measuring non-sinusoidal 
circuits, use of oscilloscope, vacuum 
tube voltmeter and _ high-speed 
photography. $2.50 


Plastics and Dielectric Materials, 92 
pages. Design Compendium No. 5. 
Fourteen articles reporting signifi- 


A NEW PLANT cant developments in new resins 


A modern building designed specifically and insulations, plus annotated list 


of 80 articles published in ELec- 
for relay manufacture is another step TRICAL MANUFACTURING during the 


in the continuing effort to improve past 8 years; subjects include fluoro- 
: in carbons, silicone rubber, embed- 
Struthers-Dunn services and maintain aaa se 
: ? ments, ceramics, glasstiber paper, 
maximum production of high quality high-temperature insulation. $3.00 
products at favorable prices. i ie ai 
P Electro-Hydraulic Control, 56 pages. 
Design Compendium No. 6. Series 


A NEW LOCATION of feature articles published in a 


continuing editorial program dis- 





The entire Struthers-Dunn factory and cussing significant steps in the de- 
velopment of integrated electrical 
headquarter offices have been moved and hydraulic control systems. For 
to a new location, approximately 15 an annotated list of the 10 articles 
miles Southeast of the Philadelphia- oe this booklet see page 277 py 
issue. $1.5 
Camden Area. 


NEW ADDRESS Design Compendiums at 
Quantity Prices 
LAMB'S ROAD e PITMAN, N. J. Since handling expense is a signifi- 
cant cost element in the distribution 
of these Design Compendiums, group- 
| ing of orders makes possible substan- 
tial savings in cost per copy. For 
single shipments to one address, on 
orders accompanied by remittance, 
Se LLL 
the following prices per copy apply: 





NEW TELEPHONE 


PITMAN 3-7500 





Quantity 
Title 5 25 

Electro Hydraulic Control 1.00 0.85 

Servo System Design 125 1.00 

Magnetic Amplifiers 135 1.10 

Automatic Production 135 1.10 

| Engineering Testing 1.50 1.25 

| Plastics and Dielectrics 1.75 1.50 


Prices given above include shipping 
charges. Make checks payabie to The 
Gage Publishing Company. Orders 
can be accepted only when accom- 
panied by payment. 
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Build EXTRA VALUE into small heating appliances 
with TK’ Rod-Type Units 


It costs but little more to make a real selling 
feature of the heating element in your 
small appliances. And what could be more 
important to the ultimate buyers . 
dealers .. 


. or to your 
. than the heating unit in such 
products, literally the ‘“tkey”’ 


satisfaction ? 


to long-time user 


With just a little help from you, your dealers 
can easily capitalize on the extra value put into 
such products. It gives them something to point 





up in their selling, something to justify the price 
they are asking. 

TK Rod-Type Units last longer because the 
heating coil is firmly in rock-like 
oxide within a lifetime jacket of metal. And 
you'll find they speed up your 
assembling operations. Why 
not drop us a line and let us 


*‘anchored”’ 


show you how we can help put 
extra value in your products? 





aA FERROD rec. company 


Vs naar a ma 





1954 


605 N. RIVER ST. ° 


BATAVIA, L. * PHONE 6240 





261 








WSS 


ate on 
I ate: 


SLIP RINGS 
..-AND SUP RING ASSEMBLIES 





BRUSHES — CONTACTS — ASSEMBLIES 


, »+-Use SILVER GRAPHALLOY for appii- 
cations requiring low electrical noise; low 


EXTENSIVELY USED IN: 


_ SELSYNS + GUN FIRE CONTROLS 
_ ROTATING THERMOCOUPLE and 
- STRAIN GAGE CIRCUITS 
ROTATING JOINTS * DYNAMOTORS 


Wide range of grades available for 

standard and special applications. 
Oil-free, self-lubricating Bush- 
ings and Bearings (applicable 
—100° te 4+300° F.; with ex- 
pansion coefficient holf thot 
of steel will not seize shoft ot 
low temperature); oil-free 
Piston Rings, Seal Rings, 


Thrust ond Friction Washers, 
Pump Vanes 














Associations 





CVT Schedules High 


Vacuum Symposium 


Sponsored by the Committee on 
Vacuum Techniques, a High-Vacuum 


| Symposium will be held at the Berke- 


ley Carteret Hotel, Asbury Park, 
N. J., June 16-18. Papers are now 
being selected for presentation in five 


major categories, which _ include: 
nomenclature and standards; new 
| equipment and instruments; funda- 


| mental developments in vacuum tech- 
| nology; and methods and techniques. 


All individuals and organizations 


| interested in attending the Sympo- 
| slum, or in presenting papers or par- 


ticipating in other activities of the 
Committee on Vacuum Techniques, 


may write for information to P. O. 


Box 1282, Boston, Mass. 

The Committee has been organized 
as a non-profit organization. Its prime 
purpose is to sponsor the Symposium; 
other aims are to further the dissemi- 
nation of knowledge pertaining to 
high vacuum techniques, and to as- 
sist in the establishment of universally 
acceptable nomenclature and_ stand- 
ards. 


| 1954 Electronic 


Components Symposium to 
Meet in Washington 

Theme of the 1954 Electronic 
Components Symposium is: “Techni- 
cal progress in component develop- 


| ment, fabrication, and use, with em- 


(FER ECaR  RRRCR RNpRRR, 


GRAPHITE METALLIZING »>CORPORATION 


| 1059 Nepperhan Ave. * YONKERS, NEW YORK | | 


| [_] Please send date on Graphalloy BRUSHES and CONTACTS. 
CJ Send data on BUSHINGS. 


| NAME & TITLE 


COMPANY 


| STREET 


| | 
j 
| | 


| city ZONE STATE | | 


phasis on new advances in the art.” 
The fifth of a 


meetings on 


series of national 
electronic component 
parts and materials, the Symposium is 
being sponsored jointly by the Amer- 
ican Institute of Electrical Engineers, 
the Institute of Radio Engineers, the 
Radio - Electronics - Television Manu- 
facturer’s Association, and the West 
Coast Electronic Manufacturers As- 
sociation with active participation by 
the agencies of the Department of 
Defense and the National Bureau of 
Standards. 

The three-day meeting, which will 
meet at the Interior Department Audi- 
torium in Washington, D. C., on May 
4-6, will view problems of reliability 
and quality in electronic design as 
systems problems rather than those of 
individual classes of components. 

Seven technical meetings are sched- 
uled. These include sessions on: Rela- 
tionship of Materials Developments to 
Component Progress; Solid-State De- 
vices and Companion Components; 


ELECTRICAL 


New Frontiers in Component Devel- 
opment; and Component Require- 
ments for Computers, Guided Mis- 
siles, and Other New Applications. 
Other sessions will consider the im- 
pact of automation on components and 
the executives’ views on components. 

Typical of the many papers to be 
read: “An Approach to the Automatic 
Production of Electronic Equipment,” 
by L. K. Lee, Stanford Research In- 
stitute; “Reliable Receiving Tubes De- 
signed for Automatic Production,” by 
W. R. Wheeler, Sylvania Electric 
Products, Inc.; “Component Engineer- 
ing as a Part of System Design,” by 
C. H. Elmendorf, Bell Telephone 
Laboratories, Inc.; and “Survey of 
European Component Development,” 
by R. S. H. Hylkema, Philips Indus- 
tries, Holland. 

Other papers will consider: “Syn- 
thetic Resins as Coatings and Cast- 
ings,” by J. C. Souter, Western Elec- 
tric Co.; “PNP Allay Junction Photo 
Transistors,” by H. Sandler, Radio 
Receptor Co., Inc.; and “Reliability 
of Quantity Produced Transistors in 
Low Power Audio Applications,” by 
F. M. Dukat, Raytheon Manufactur- 
ing Co. 

At other sessions papers will be read 
on “General Design and Performance 
Characteristics of Film Type Poten- 
tiometers,” by L. Krauss, Fairchild 
Camera & Instrument Corp.; “Recent 
Trends in Terminals for Hermetically 
Sealed Components,” by E. D. Tidd, 
Bell Telephone Inc.; 
and “Improved Components Based on 
Ferrite Materials,” by N. Cushman 
and M. Geroulo, Sprague Electric Co. 


Published Proceedings containing 
complete transcripts of these and all 
other papers will be available. The 
price is $3.50 if payment is made in 
advance; $4.50. if after 
the Symposium. 

Advanced registration may be made 
through A. E. Zdobysz, Treasurer, 
1954 Electronic Components Sympo- 
sium, 1 Thomas Circle, Washington, 


a 43. 


Laboratories, 


purchased 


AIEE Elects Seven Fellows 


For their outstanding contributions 
to their profession, seven electrical 
engineers have been elected Fellows 
of the American Institute of Electrical 
Engineers. They are: Edward F. W. 
Beck, Westinghouse Electric Corp., 
Clifford H. Cramer, Western Union 
Telegraph Co., Otis T. Farry, Wagner 
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200-page designer’s handbook on the 


BELT DRIVE 


$3.50 
POSTPAID 


a 
“TIMING” BELT DRIVE 
ENGINEERING HANDBOOK 


Edited and Produced by McGraw-Hill Book Co. 


Introduced on a limited scale only 
eight years ago, the Gilmer ““Timing”’ 
Belt Drive is now so widely accepted 
the list of its users reads like a ‘“‘Who’s 
Who” of machinery manufacturers. 
Well over a million of these super- 
efficient, non-slip belt drives are used 
daily to transmit loads from 1/100 to 
300 HP as well as to maintain precise 
synchronization between two or more 
shafts. 

Now, even more firmly establishing 
the ‘““Timing’”’ Belt as a new and 
proved power transmitting medium, 
we are proud to announce the produc- 
tion by McGraw-Hill of an authori- 
tative engineering handbook contain- 
ing all facts and formulas involved in 
calculating and designing both belts 


and pulleys for all types of ‘“Timing”’ 
Belt Drives. 

This 200-page book, written by the 
“*Timing”’ Belt’s inventor, is available 
through our Gilmer “Timing” Belt 
Division, Philadelphia 35, Pa., at 
$3.50, postpaid anywhere in the 
United States. The typical pages at 
left, reduced from their 514" by 814" 
size, illustrate the lucid, semi-techni- 
cal style in which every phase of drive 
design and construction is discussed. 

If you design power-driven machin- 
ery of any kind, a copy of this hand- 
book should be at your finger tips. 
Use the handy order form below. You 
need send no money with your order. 
We'll gladly bill you—or your firm— 
on 30-day terms if you so indicate. 


ORDER FORM 


Gilmer “Timing” Belt Division 


New York Belting & Packing Co., Tacony, Philadelphia 35, Pa. 


Please forward copies of the ‘Timing’ Belt Drive Engi- 
neering Handbook at $3.50 per copy, postpaid. 


Payment a 
[ 


Herewith 


APRIL 1954 


Bill 


my firm 
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sky-high problem 


elie Mul hile Mee tee a lell lio 
pitch propellors on today’s sky 
CTEM TMA Lo Maes 
aatelats (MMe TL eo Pao eo 
speed. Failure may mean dis- 


aster! 


To meet these rigid specifica- 
tions, aircraft engineers choose 


Kirkwood commutators. 


You'll find dependable Kirk- 
wood commutators to meet your 


needs, too — or we will build 





them to your specifications. 


Write for new No. 3 Catalog 


Send your prints for estimate. 
Ly 
A 


J 
CJ 
S 
s 

. 
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COMMUTATOR CO. 


e e 
*“aus* 


Over 10,000,000 now in use. 
CLEVELAND, OHIO 


eA Ae 





Electric Corp.; John D. Ferguson, 
Dublin, Ireland; Albert P. Godsho, 
Bell Telephone Co. of Pennsylvania; 
Glen Ireland, Pacific Telephone and 
Telegraph Co.; and David W. Mc- 
Lenegan, General Electric Co. 

According to the Institute’s consti- 
tution, election to the grade of Fel- 
low may be made to an engineer over 
40 years of age, with at least 15 years 
of activity in electrical engineering 
and who has attained distinction in 
design, development and operation of 
important electrical products, teach- 
ing electrical engineering or science, 
or who has attained distinction for 
original work in electrical science, 
literature or 
tive. 


as an engineering execu- 


NACE Elects Officers 
for 1954-55 


At the Tenth Annual NACE Con- 
ference, held in Kansas City, March 
15-19; Aaron Wachter, currently vice 
president of the National Association 


of Corrosion Engineers, was elected 
president of the association. Mr. 
Wachter who is associated with the 
Shell Development Co., has a long 
record of activity in NACE, including 
work on technical committees and the 
publication of technical papers. 


New Brochure Outlines 
IEEM Activities 


Activities of the Institute of En 
vironmental Equipment Manufactur- 
ers, 30 Church St., New York 7, are 
described in a new 24-page brochure. 
Explained are the reasons for form- 
ing the Institute and the services 
rendered both to manufacturers and 
users of environmental equipment. 
The brochure lists the member com- 
panies and describes the three classi 
fications of members, including dues, 
privileges, and benefits. 

Also discussed are the contents of 
the Institute’s three publications as 
well as the rules for entering its Sci 
ence Contest. This 


otters 


contest 









April 3-4—Spring Meeting, Pack- 
aging Machinery Manufacturers 
Institute, Hotel Dennis, Atlantic 
City. 








April 5-6—Twelfth Annual Confer- 
ence; The Society of The Plastics 
Industry (Canada), Inc., Mount 
Royal Hotel, Montreal. 








April 19-20—Symposium on Auto- 
matic Production of Electronic 
Equipment; auspices of U. S. Air 
Force and Stanford Research In- 
stitute, San Francisco. 







April 24—Fighth Annual Spring 
Technical Conference; Cincinnati 
Section of the Institute of Radio 
Engineers. Write: Crosley Broad- 
casting Corp., 140 W. Ninth St., 
Cincinnati 2, Ohio. 

















April 26-28—Metal Powder Show 
and Tenth Annual Meeting, Metal 
Powder Association, Drake Hotel, 
Chicago. 


April 26-30—Annual Meeting and 
Tenth Biennial Industrial Exposi- 
tion; the American Society of Tool 
Engineers, 


Philadelphia. 


Convention Center, 


May 2-6—Sessions on Electric In- 
sulation, Electronics and_ other 
topics, The Electrochemical Soci- 
ety, Inc., La Salle Hotel, Chicago. 


May 4-6—1954 Electronic Compo- 
nents Symposium, sponsored by the - 
IRE Professional Group on Elec- 





Calendar of Meetings 





tronic Component Parts and vari- 
ous professional societies, with the 
active participation of agencies of 
the Dept. of Defense and the Na- 
tional Bureau of Standards, at The 
Dept. of 

Washington. 


Interior auditorium 


May 4-7—National Spring Tech 
nical Meeting, the American Weld- 
ing Society, Hotel Statler, Buffalo, 
N. Y. 

May 7-8—New England Radio En- 
gineering Meeting; North Atlantic 
Region of the Institute of Radio 


Engineers, Sheraton Plaza Hotel, 
Boston. 


May 10-12—Fifth National Confer- 
ence on Airborne Electronics: 
Dayton Chapter of the Institute of 
Radio Engineers and the Profes- 
sional Group on Aeronautical and 
Navigational Electronics (IRE), 
Dayton Biltmore Hotel, Dayton, 
Ohio. 


May 12-14—Midyear Divisional 
Meetings; The Porcelain Enamel 
Institute, Edgewater Beach Hotel, 
Chicago. 


June 7-10—Sixth National Plastics 
Exposition; The Society of the 
Plastics Industry, Inc., Public 
Auditorium, Cleveland. 


June 16-18—High Vacuum Sym- 
posium; the Committee on Vacuum 
Techniques, Berkeley Carteret 
Hotel, Asbury Park, N. J 
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INTRODUCING... 


/’ PLASTIC TUBING © 


| manufactured to meet the requirements of 


_MIL-I-7444A 


A vinyl plastic tubing that combines fungus resistance 
with exceptional low temperature characteristics to provide 
outstanding electrical protection. TURBO ZONE 40 
is highly resistant to heat Od... 
fungus . . . moisture . . . and has long enduring aging 
characteristics, plus 5 superior features: 


COLD IMPACT — 
down to —90°F (—67°C) 


FLAME RETARDANT — + 
meets the requirements of y 
specification MIL-1-631B 


ELONGATION — 


highly flexible for snaking operations 


TENSILE STRENGTH — 


1800 P.S.l. — gives rugged 
durability 


TURBOTHERM 105 

High dielectric and 
physical properties . . . 
excellent for high operating 
temperatures. 


TRANSPARENCY — 


sufficient to permit ready 
identification of color 
coding 





TURBOLEX 63 & 85 


General purpose tubing—extreme- 
ly flexible—good dielectric properties. 


Sizes ¥" 1.D. to 
i'/." 1.D. Inclusive 


Am 


Insulating Material TURBO Specialists Since 1920 
THE WILLIAM @:i7 1:9 & CO., INC. 


Dept. EM-4 Willimantic, Conn., U.S.A., Tel. HArrison 3-1661 


TURBOTUF Insulating Tubing and Sleeving - TURBO Insulated Wires - Wire Markers - Extruded 
Tubing - Varnished Saturated Sleeving and Tubing - Cambric Cloths, Tapes, Papers - Mica - Harnesses 


IN PRINCIPAL CITIES 





TURBOTRANS 105 Specially 


processed for potting and baking operations 
—oil resistant—high heat resistance. 











SALES REPRESENTATIVES 
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awards to Science Members submit- 
ting prize-winning papers at the In- 
stitute’s Annual Conference. 

Copies of the brochure may be ob- 
tained from Dr. George D. Wilkinson, 
general manager, Institute of Environ- 
mental Equipment Manufacturers, 30 
Church St., New York 7, N. Y. 


Los Angeles to Be 


Host to AIEE 


A broad and comprehensive review 
of new advances and the latest de- 
velopments in electrical engineering 
will be a feature of the Summer and 
Pacific General Meeting of the Amer- 
ican Institute of Electrical Engineers, 
to be held at the Hotel Biltmore, Los 
Angeles, June 21-25. More than 2000 
engineers and scientists ar 
to attend. 


expected 


The technical program will feature 
presentation of 200 papers at 48 ses- 
sions and symposiums on such sub- 
jects as switching systems, relays, ro- 
tating machinery, transformers, mag- 
netic amplifiers, and instruments. 

The Meeting will include the pres- 
entation of the Lamme Gold Metal 
to an outstanding engineer, and the 
announcement of the election of 1954- 
55 officers of the Institute. Balloting 
by mail is now going on and the re- 
sults will be 
Meeting. 


made public at the 


Col. L. S. Fletcher Assumes 
New ASTE Duties 


Col. Leslie S. Fletcher has been 
appointed research fund director of 
the American Society of Tool Engi- 
neers, with offices at ASTE headquar- 
ters in Detroit. Need for close cooper- 
ation with government, industry, and 
universities for advancement of scien- 
tific knowledge in the field of tool 
engineering has made necessary the 
creation of this new position. 

Col. Fletcher is a graduate of West 
Point Military Academy and has also 
attended Rhode Island State College 
and Massachusetts Institute of Tech- 
nology. He holds a B.S. degree in 
mechanical engineering. 


Nominations Being Received for 
Die Casting Award 


Nominations for the Annual Doehl- 
er Award. of the American Die Casting 
Institute will be received up through 
April 15 by the Award Committee, 
American Die Casting Institute, 366 
Madison Ave., New York 17. 

Established by the Doehler-Jarvis 
Corp., the award, which is made an- 
nually, consists of a suitable plaque 
and a cash honorarium of at least 
$500. It may be bestowed for any 
activity contributing to the die cast- 
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POWER AND FILAMENT TRANSFORMERS e FILTER REACTORS e MODULATION 
TRANSFORMERS e PULSE TRANSFORMERS e CHARGING REACTORS... 
NOW available to industry for applications which require the quality 
and superior performance characteristics of Moloney Transformers. 
Engineered to your specifications, tested to your specifications, perfor- 
mance to your specifications. Produced in any quantity ... send your 
inquiry to us now for prompt attention. 


Physical Characteristics: Per MIL-T-27 + Hermetically 
Sealed «+ Solder-sealed Bushings « Oil Filled 
Askarel Filled *¢ Air Cooled; Class A, B and H. 


Write for Bulletin SR-205 describing HiperCore Electronic Cores and 
Bulletin ST-3505 describing Specialty Transformers. 


MES4-6 


MOLONEY ELECTRIC 


Manufacturers of Power Transformers + Distribution Transformers + Load Ratio Control 


Transformers + Step Voltage Regulators + Unit Substations + Electronic Transformers 


SALES OFFICES IN ALL PRINCIPAL CITIES « FACTORIES AT ST. LOUIS 20, MISSOURI AND TORONTO, ONTARIO, CANADA 
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Moloney HiperCore Electronic Cores are 
available to manufacturers in any quantity 
in more than 1000 stock sizes or to your 
own special specifications. 
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Centralab metallized ceramics combine electrical 
and physical properties of both materials 


Centralab does remarkable things with ceramics. Forms can be 
molded, pressed, extruded, turned or machined. Metallizing 
ceramics by pressing, or plating opens many new electronic and 
industrial applications: 


sae 


® Tens of thousands of condenser 
shafts complete with ball races, 
rotor bars, feed-thru bushings, her- 
metically sealed parts, complex 
machined units have been deliv- 
ered since 1937. 


® High dielectric strength — 240 
volts per mil. 







® Less loss at high frequency — 
loss factor at 1 MC — .007, 


® High mechanical strength — 
® Designers can count on very close 18,000 psi, modulus of rupture. 
tolerances, finish, bearing surface 
and conductivity of metal parts 
combined with JAN-specified char- 
acteristics of ceramic materials, in- 
cluding: 


oH 928 


® Harder than quartz—7.5 Mohs’ 
scale. 


C/ BY M7 


® Impervious to moisture or acids 


(.005%). 


Put Centralab’s 26 years of ceramic experience 
to work for you 


® Thousands of different ceramic formulas are ‘‘ready to go" 
to solve your particular problem. 


® Large staff of ceramic and electronic engineers — available 
for consultation. 


® All parts 100% tested in most modern, mechanized produc- 
tion facilities available anywhere. 
Got a special ceramic problem that 


needs solving? Call on Centralab. Bulletin 42-181. 


A Division of Globe-Union Inc. 











VARIABLE 
@ESISTORS 


CERAMIC PRINTED 


SWITCHES CAPACITORS ELECTRONIC «CIRCUITS 
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Standard items are available at your local 
(CRL) distributor—see Catalog 28 or JAN 


949A E. Keefe Avenue @ Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario 


aH 


CERAMIC 
INSULATORS 


Industry's greatest source of standard and special 


] @) if ™ 
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ing industry as a whole, including 
technical achievements relating to the 
die casting process, including casting 
alloys, die steels and die practices, fin- 
ishing methods, machine design and 
related subjects. 

The Award Committee consists of 
the Board of Directors of the Ameri- 
can Die Casting Institute, Inc., which 
selects each year’s recipient by June 
30 or soon thereafter. The award is 
presented each September during the 
Annual Meeting of the Institute. 

Any individual, group of individu- 
als, educational institution, technical 
or scientific society or committee is 
eligible to compete. Nominees need 
not be engaged in die casting or be in 
the employ of a member of the Insti- 
tute. 


AIEE Sponsors Conference on 
Rubber and Plastics 


The AIEE Subcommittee on Rub 
ber and Plastics Industries of the 
Committee on General Industry Ap 
plications will hold a two-day con- 
ference on rubber and plastics at the 
Mayflower Hotel, Akron, Ohio, April 
3-6. 

According to the tentative plans, 
keynote speaker will be John Grotz- 
inger, chief electrical engineer, Good- 
year Tire and Rubber Co. Among the 
papers planned for delivery at the 
two-day conference are: 

“Magnetic Clutches and Brakes for 
Rubber and Processing Machine 
Drives,” by A. E. Lillquist, Cutler- 
Hammer Corp.; “Preventive Mainte- 
nance of Large Electric Motors and 
Controls in Rubber Mills,” by Kurt 
John, U.S. Rubber Co.; “High Voltage 
Motor Controllers for the Rubber In- 
dustry,” by F. J. Render, General 
Electric Co.; and “Selection of Drives 
for the Continuous Processing of Plas- 
tic Films,” by A. G. Payne, Monsanto 
Chemical Co. Among other papers 
tentatively scheduled is one by John 
Santer, Clark Controller Co., on “Mag- 
netic Amplifiers for the Rubber and 
Plastic Industries.” 


Electrochemical Society Plans 
Extensive Program 


At its 105th meeting, to be held 
at the LaSalle Hotel, Chicago, May 
2-6, the Electrochemical Society will 
hold sessions on electric insulation, 
instrumentation, semiconductors, and 
many other topics. During the 4-day 
meeting 145 papers will be read. 

Copies of the program booklet, in- 
cluding abstracts of papers to be pre- 
sented and complete information on 
all activities, may be obtained from 
Henry B. Linford, secretary of The 
Electrochemical Society, Inc., 216 
West 102nd St., New York 25. 
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As one of its out- 
standing features, 
Mela Me Ty 
TTT) a a e-bay 
Super-Precision Ball 
Bearings. 





Left to right: electro-pneumatic control cabinet, torque tester, photo-electric recorder (readings as low as .005 gm. cm. torque) - 


Shrinks Chances of Error 


By simplifying inspection, this Fafnir-developed, slow-run- 
ning ball bearing torque tester assures the availability of 
instrument bearings with consistently low torque... an 
important production advantage. It requires only one 
revolution of the bearing outer ring to record bearing 
characteristics such as running torque in gram-centimeters, 
type of defect (if any), and where located (inner Or outer 
ring), the presence of dirt or excessive eccentricities. Some 
torque testers require scores of readings to attain similar 
information. 

Results achieved have been so impressive that several 
large companies have asked if these torque testers are avail- 
able. Fafnir does not intend to supply them, but for the 
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benefit of the instrument industry, is making available 
engineering specifications to those interested ... another 
example of the Fafnir “attitude and aptitude.” Maybe this 
combination can help you find a better, cheaper way to use 
ball bearings. The Fafnir Bearing Co., New Britain, Conn. 


FAFNIR 


BALL BEARINGS 
A 
ost compcete (ASS) LINE IN AMERICA 
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| Black Varnished Glass Fabric and 
Yellow Varnished Glass Fabric 


ITEMP Standards for black varnished glass 
WIRES Es — fabric and for yellow varnished glass 


26 WINDSOR AVENLE fabric have been published by the 
MINEOLA, LONG ISLA '.D National Electrical Manufacturers As- 
a ht es eet sociation in publications Nos. VF6- 
ee ie 1954 and VF7-1954, respectively. 

Each standard covers varnished 
glass fabric in sheet form, full-width 
rolls and tapes to be used as electrical 
insulation between metal parts in 
electrical apparatus. 

The products covered by the stand- 
ards are formulated and designed to 
conform with Class B insulation ma- i 
terial performance requirements, as 
classified in the “Introduction — to 
AIEE Standards,” publication No. 1. 
Information is provided on testing, 
dimensions and _ permissable  varia- 
tions, physical properties, electrical 
properties, as well as on manufactur- 
ing, packing and marking. 

Copies of each publication may be 
obtained from the National Electrical 
Manufacturers Association, 155 East 
44th St., New York 17. Price is 75¢. 


a 


Standards Library 





& New booklet published by the Am- } 
a erican Standards Association, entitled 
L MAGNET W/ “The Library of Standards,” is a 
14to 50 AWG high - pocket-size guide to the Association’s 
Exce/lent power fttor library of 60,000 standards, specifica- 
SC Resistant to moi tions and related documents. Pointed 


out is the fact that the ASA ex- 
changes standards with 40 nations. 
Its library makes available over 1300 
American standards, 8000 German, 
4000 French, 2000 British, and 3500 
of the most important of Russia’s 


and chemical, 


}- ba cislidaal 





nel 
~ 


> Ae 8000 standards. ‘Titles of foreign 
he HOOK: UP WIRES standards in the library are usually 
LS 28 to /4AWG translated and listed in the Associa- 


Various wall thicknesses tion’s publication. 


= solid ol 1 The booklet also points out that 
spiral striped color the library maintains a complete file 
Combinations ate a a 
of specifications issued by the U. S. 
| | Government, including standards of 
| the Federal Supply Service (the 
| | Federal Specification Board), Depart- 
| | ment of Defense, Simplified Practice 
na 
j 


s 
2 
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~ 
s 
+ \ 
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| Recommendations, and other docu- 
ments. 

For a free copy of the booklet de- 
scribing the library and the facilities 
it offers, write to the American Stand- 
ards Association, 70 East 45 St., New 
York 17. Booklets are available with- 
out cost. 
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7. for Poly Ti 
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More and more automotive repair shops and industrial plants are turning 


to FLExXLOCs to reduce maintenance on high speed, vibrating equipment. 


FLEXLOC locknuts save $600 per year 
in reconditioning automobile engines 


By using FLEXLOCs on connecting 
rod bolts, a motor reconditioning 
shop cut assembly time by a mini- 
mum of 5 minutes per motor. This 
added up to a yearly saving of 250 
hours or $600. No drilling of bolts 
was needed . . . no adjusting of 
nuts to set cotter pins was required. 
And the FLEx.Locsassured a tighter 
assembly than was possible with 
the castellated nuts and cotter 
pins formerly used. 

FLEXLOoc locknuts reduce main- 
tenancetoo. Oncethey areinstalled, 
you can forget them. Service and 





inspection periods can be stretched 
safely from days to weeks. And 
FLEXLOCs are reusable. They can 
be applied again and again with- 
out losing locking efficiency. 

You can get FLExtoc Self- 
Locking Nuts of various types and 
materials in a wide range of sizes 
and in any quantity. These one- 
piece, all-metal nuts are carried in 
stock by leading industrial dis- 
tributors everywhere. Write for 
literature and samples for test pur- 
poses. STANDARD PRESSED STEEL 
Co., Jenkintown 9. Pa. 


FLEXLOE (ocknut pivision 
® 
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JENKINTOWN 





Starting. A FLEXLOC starts like 
any ordinary nut. Put it on 
with your fingers. Tighten it 
with a standard hand or 
speed wrench. 





Beginning to Lock. As the 
bolt enters the segmented 
locking section, the section is 
expanded, and the nut starts 
to lock. 


Fully Locked As a Stop Nut. 
When 14 threads of a stand- 
ard bolt are past the top of 
the nut, the FLEXLOC is fully 
locked. A FLEXLOC does not 
have to seat to lock. 





Fully Locked As a Seated 
Nut. When it is used as a lock 
or stop nut, the locking threads 
of the FLEXLOC press inward 
against the bolt, lifting the 
nut upward and causing the 
remaining threads to bear 
against the lower surface of 
the bolt threads. Vibration 
will not loosen a FLEXLOC, yet 
there is no galling of threads. 
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THREAD PRECISION AND UNIFORMITY 
INSURED WITH CRAMER TIME CONTROL 


The threading accuracy of this 
Steinle Roll Threading Machine is 
directly related to the highly 
dependable Cramer Timers which 
govern the roll slide movements. 
This carefully predetermined slide 
travel must be extremely accurate 
in order to insure thread precision 
and uniformity. 


The Cramer TE Timer, at left, con- 
trols the time of dwell of the roll 
slide in its forward position, while 
the one at right dictates the exact 
loading interval. A simple adjust- 
ment of either timer permits slow- 
down or speed-up of the action. 
Cramer-controlled threading op- 
erations on the Steinle machine 


have been speeded to 40 com- 
plete cycles per minute without 
sacrifice of thread accuracy. There 
has never been a report of timer 
failure. 


The Steinle Machine is widely 
used by aircraft manufacturers 
and others who require extremely 
accurate threads. Cramer Timers 
are specified as original equip- 
ment for these machines due to 
their unusually high standards of 
accuracy and dependability. 


If you have a time control prob- 
lem, Cramer can help you. Write 
for complete information or tech- 
nical advice. 


I The overall accuracy of the Type TE (in- 





Cc df, R. W. CRAMER CO., INC. 
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A “look inside”’ 
depend on Cramer for outstanding performance. Check 
the “‘inside’’ facts, today. 


SR ECCACEUS ES . EN 


clusive of setting) is within 2%, with 
repeat accuracy within '/2 of 1%. The 
unit is Underwriters’ Laboratories listed 
for use in industrial control equipment. 


will show you why you can always 
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BOX 8, CENTERBROOK, CONNECTICUT 





Manufacturers 


Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letter head, 
mentioning ELECTRICAL MANUFACTURING 
as your source. See “Literature for the 
Asking” on page 234 for other publica- 
tions available through the Reader In- 
quiry Facility. 


SELENIUM RECTIFIER HAND- 
BOOK—While this second edition of 
the Handbook is devoted largely to 
providing data on a_ representative 
listings of manufacturer’s line of se- 
lenium rectifiers, useful information is 
included on selenium rectifier design, 
applications, and circuitry. 

Containing 80 pages, the Hand- 
book is divided into three sections. 
The first includes; dimensional draw- 
ings and specifications of the manu- 
facturers line of rectifiers; funda- 
mental circuits using selenium recti- 
fiers; and electrical characteristics, ap- 
plications, and curves for each of the 
26 units described. The second sec- 
tion contains design and service data, 
while the third is devoted to descrip- 
tions of various selenium rectifier 
products. 

Price of the Handbook is 50 cents 
a copy. Orders should be addressed 
to: Federal Telephone & Radio Co., 
100 Kingsland Rd., Clifton, N. J. 


MOLDED RUBBER HANDBOOK— 
Handsomely designed 82-page book, 
using color to striking advantage, 
covers in detail the processes and 
standards used in the production of 
molded rubber components, as well as 
manufacturer's facilities, products and 
use of the injection molding process 
for rubber parts. 

One of the sections providing broad 
engineering reference material is de- 
voted to methods of test and specifica- 
tions and JIC standards. Other sec- 
tions contain decimal equivalent, 
temperature conversion and _ other 
tables, a glossary of rubber terms, and 
other data. Text and tables provide 
general and detailed information on 
the company’s four types of industrial 
seals—O-rings, U cups, V rings and 
Quad rings. 

The hard-covered book is priced at 
$4.00. Orders should be addressed to 
Minnesota Rubber and Gasket Co., 
3060 Wooddale Ave., Minneapolis 16, 
Minn. 
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fourth 
dimension 


of 


business 


Here, at the Scintilla Division of Bendix, the word SERVICE is much more than SCINTILLA 


the name of a department. It is a vitally important part of our over-all opera- 


tions. Together with Research, Engineering and Manufacturing—Service might DIVISION 
well be termed the fourth dimension of our business. 

To implement this policy of following through to see that every customer gets 
the full performance built into each product, the Scintilla Division has a world- 
wide service organization backed up by factory-trained service men strategically 


ae 
located to meet service emergencies. Bendix 


Service data, covering installation, operation and repairs as well as adequate 


OF 


AVIATION CORPORATION 
distribution of parts, makes up a complete service program. 


Just another reason why the name Bendix has become “The Most Trusted SIDNEY, NEW YORK 
Name in Ignition.” 


Gendix 


Export Sales: Bendix International Division, 205 East 42nd St., New York 17, N. Y 


FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Cal. e Brouwer Bldg., 176 W. Wisconsin Ave., Milwaukee, Wis. ¢ Stephenson Bldg., 6560 Cass 
Ave., Detroit 2, Mich. «¢ 512 West Ave., Jenkintown, Pa. ¢ 8401 Cedar Springs Rd., Dallas 19, Tex. © American Bldg., 4 S. Main St., Dayton 2, Ohio 
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ultra- 
sensitive 


relays 


BARBER 


RE 





used on EC Line Control 
Units for accurate transmission 


of line impulses 





EC Line Control Units, 
manufactured by Electro Controls Cor- 
poration, Chicago, now eliminate need 
for many line wires to control railway 
signal transmission circuits that operate 
switches, signals, etc. 

Unit shown above is located near a 
cross-over of two roads where. prior to in- 
stallation of a Barber-Colman“Microposi- 
tioner,”’ ground shock from trains often 
desynchronized the circuits. Since using 
this highly dependable, stable relay no 
such failures have been reported. 

Ideal for hundreds of industrial appli- 
cations, Barber-Colman d-c polarized re- 
lays are ultra-sensitive and vibration resist- 
ant. High-speed response 
can be operated in excess 
of 100 cps. Available in 
wide range of coils, en- 
closures and mounting 
details, 





Write today for Bulletin F3961-2 


BARBER-COLMAN COMPANY 
Dept. D, 1403 Rock Street, Rockford, Illinois 
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Book 


Reviews 


Tables of Circular and Hyperbolic 
Sines and Cosines for Radian Argu- 
ments, National Bureau of Stand- 
ards Applied Mathematics Series 
36, buckram bound (reissue of 
Mathematical Table 3), 407 pages, 


$3.00. (Order from Government 
Printing Office, Washington 25, 
PAs. 


To meet the continuing demand from 
scientists and engineers, these tables 
of circular and hyperbolic sines and 
cosines are being reissued. These func- 
tions are of fundamental importance in 
pure and applied mathematics. The 
interval of the argument and the use 
of radian measure should prove of 
particular convenience to the user. 
Specifically these tables contain sin x, 


cos x, sinh x and cosh x, x 0 (.0001 
1.9999, 9D: sinh x and cosh x, x ) 
(.1) 10, 9D: a conversion table of 


degrees, minutes, seconds and radians 
and a table of multiples of 7/2 


Plastics Progress 1953: 
discussion at the 
Convention 1953. Published 
British Plastics by Iliffe & Sons 
Limited. Available through British 
Book Center, New York City, N. Y., 
439 pages, $10.00. 


Papers and 
British Plastics 


This 439-page volume reflects the de- 
velopments and particular orientations 
of the British plastics field. Not all 
the papers presented here would be 
of interest to those engaged in product 
design and engineering. There are 
however two excellent sections, total- 
ling some 70 pages, on reinforced 
plastics; also two sections on molding 
problems, (including the economics 
of large molding and on the molding 
of nylon and polyesters); a chapter 
reviewing newer materials; and one 
on unplasticized polyvinyl chloride. 
The 15-page section reviewing asbes- 
tos-reinforced phenolic laminates 
probably fills a gap in existing litera- 
ture. The various papers reproduced 
in this book are extensions of those 
originally presented at the 1953 
British Plastics Convention. Verbatim 
transcripts of discussions are included. 

The text, amply supported by 
graphs, diagrams, tables and illustra- 
tions, bears evidence of careful prep- 


for 














for changing your stor- 


* 
hy, 
*, 
a, . T 
, 
ah, 
se 


age battery current to 


ac. Mousehola 
ELECTRICITY 
Anywhere 


- in your 


mounted 
Ila dT- lity 
under dash 
or in trunk 
compartment! 


especially designed for operating 
standard 110 volt A. C.... 


@ TAPE RECORDERS oe DICTATING MACHINES 
@ WIRE RECORDERS e@ ELECTRIC RAZORS 


for 
@ EXECUTIVES @ OUTDOOR MEN 
@ SALESMEN @ REPORTERS 
@ PUBLIC OFFICIALS @ FIELD INSPECTORS 
@ POLICEMEN e@ DOCTORS 
@ FIREMEN @ LAWYERS, ETC. 


See your jobber or write factory 


~/ NEW MODELS +/NEW DESIGNS +/ NEW LITERATURE 
“A” Battery Eliminators,  OC-AC Inverters, Auto Radio Vibrators 


AMERICAN Tetevision & Rapio Co. 


Zuality Products Since 1931 
SAINT PAUL 1, MINNESOTA, U.S. A. 
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You get bearing 
performance at rolled bushing 


costs with our Bimetal Bushings. 








Wide variety of diameters, 
lengths, lining alloys, on 


steel backs. Write today. 


Sleeve bearings in all designs and sizes; cast FEDERA| 
bronze bushings; rolled split-type bushings; bi- 

metal rolled bushings; washers; spacer tubes; 
precision bronze parts and bronze bars. 





Lira 


SINCE 1899 


FEDERAL-MOGUL CORPORATION 


11063 SHOEMAKER . DETROIT 13, MICHIGAN 
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DICTATING MACHINE FLOATS ON BARRYMOUNTS — 


For noiseless operation, smooth, faultless playback, 
ultimate in protection against vibration 
Soundscriber Corp. chooses Barrymounts to support their new 


and the 


shock, 


transcription unit. One more instance of how Barrymounts 
protect the performance of precision instruments. Ask for 


data on Type 372 Barrymounts. 


COAST GUARD DIRECTION FINDER 
GUARDED BY BARRYMOUNTS — Where 
reliability of performance is really vital, 
sensitive electronic equipment must be pro- 
tected from shock and vibration. Raytheon 
Manufacturing Company says: “We find that 
the high quality and effectiveness of these 
mountings help us assure the famed relia- 
bility and excellence of our own products.” 
Ask for data on Type C-2000 Barrymounts. 


“Executive” 


for YOU. Ask for 





ALL-METL BARRYMOUNTS PROTECT AIRCRAFT 
RADIO COMPASS — For safe, assured, brilliant opera- 
tion, at extremely high altitudes and over a wide range 
of temperatures, Lear uses Barry ALL-METL vibration 
isolators to support the sensitive components of their 
radio compass. They say: 
the Barry product because we feel it is a superior product 
from the standpoint of providing greater trouble-free 
life”. Ask for data on Type M-44 Barrymounts. 


INDUSTRIAL MACHINERY MOBILIZED BY BARRY- 
MOUNTS — For example: 
punch presses was shut down, moved 200 feet across the 
plant, and was producing parts again in a total elapsed 
time of 23 minutes. No lagging, no shimming, and no 
walking of the machines in operation — because they 
were mounted on the new Leveling Barrymounts. This is 
machine-tool mobility — a new idea to make new profits 
"LOOK — NO LAGGING!” 


“We have chosen 


a production line of eight 


The wide range of Barry products and the experience of Barry engineers can help you 
solve shock, vibration, and noise problems in any area of military or industrial activity. 
Call our nearby sales representative or write directly to us. 


THE BARR Y CORP. 


708 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 
ie SALES REPRESENTATIVES IN 


Ationte Baltimore Chicago Cleveland Dallas 
es Angeles Minneapolis New York Philadelphia Phoenix Rochester 
Louis San Francisco Seattie Washington, D.C. Montreal Toronto 






Dayton Detroit Kansas City 
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aration, research and editing. A good 
subject index is provided. Biblio 
graphies are appended to various 
chapters. 


Materials and Processes by James F. 
Young. John Wiley and Sons, Inc., 
New York. Second Edition (1954). 
1074 pp. $8.50. 


In this, the second edition, of his well- 
known book, the author has reflected 
contemporary developments by ex- 
panding the coverage of nonmetallic 
materials; by bringing up to date the 
work being done in physical metal- 
lurgy and physical chemistry (in 
terms of theory as well as new ma- 
terials); and by adding typical ma- 
terials property data as reference in- 


formation. These points do not cover 
all the additional information con- 
tained in the new edition, but they 


do specify those of closest interest 
to design engineering. 

Essentially, Mr. Young’s book is in- 
tended for instruction; and as a 
matter of fact it is one of a 
written in the interest of the (¢ 
Electric Engineering Educational 
Programs. Mr. Young, whose engin- 
eering association with G-E goes 
back to 1937, is at present a consult- 
ant on the staff of the vice president 
for engineering in New York City. 
From the practical standpoint, how- 
ever, this book provides an excellent 
engineering handbook. 

The information-packed 1074-page 
content is about equally divided be- 
tween Part One: Materials and Part 
Two: Processes. The first covers iron 
and steel, nonferrous metals and 
alloys, electrical insulation, plastics, 
rubber, ceramics, and miscellaneous 
nonmetallics. References are provid- 
ed. The second part covers various 
fabricating and finishing as well as 
testing procedures. 


series 
;eneral 


Magnetic-Amplifier Circuits, by Wil- 
liam A. Geyger. Published by Me- 
Graw-Hill Book Company, 330 W. 
42nd St., New York. 277 pp. $6. 


This book contains a practical treat- 
ment of the fundamental principles, 
characteristics and applications of 
magnetic amplifier circuits. It de- 
velops logically various types of basic 
and complex circuit arrangements, 
emphasizing experimentally observed 
phenomena without resorting to 
mathematical considerations an d 
proofs. Descriptive and graphical 
methods are used to provide qualita- 
tive and quantitative interpretation 
of essential facts. 

The book is written for the circuit 
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the same ingredients= § 


Sure ..- 


Take the same recipe, the same 
instructions—but different cooks. Ask 
each to bake a cake. Theoretically 

the results should be the same. 

But are they? Seldom, if ever. 

The reason, of course, lies in that 

intangible something—that “‘feel”’. 

Good cooks have it while others 
do not. 

Bolts, nuts and screws, made by different 

companies, are also theoretically alike. Technically, 

they should be. But some brands are preferred 

over others. Where, then, lies the difference? 

It’s not easy to define. But we at Lamson & 


TAPPING SCREWS 






















MACHINE SCREWS | PLUG NUTS ee ee et | cree 
Precision made for Ideal for blind or oval, hexagon "1035" Hi-Tensile 


fast, economical 
assembly. 


hard-to-reach 
places. 


and Phillips 
heads. 


Heat-treated 
steel. 
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Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 


FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 

















but what a difference 
in the results I 








Sessions like to believe it’s an extra measure of 
helpfulness—a will to serve customers just a bit 
better than the other fellow—that makes the 
big difference. 


Or maybe it’s just that our personnel work harder 
to please you; or that Lamson engineers respond 
cheerfully and successfully in solving customers’ 
fastener problems. 

Perhaps we can summarize it by saying we try 
to do everything possible to make it more 
pleasant and profitable for folks to do business 
with us. 

We feel that those intangible “‘extras” you get 
with every Lamson “bolt” are important... 
important to us and to you! 


The LAMSON & SESSIONS Co. 
1971 West 85th St. e Cleveland 2, Ohio 





SQUARE AND HEX 
MACHINE SCREW 
NUTS 
Also semi-finished, 


hot pressed and 
cold punched nuts. 





1035" SET 
SCREWS 
Cup point type, 
hardened and 

heat-treated. 















COTTER PINS 


Steel, brass, alu- 
minum and stain- 
less steel. 


LOCK NUTS 


Economical, vibra- 
tion proof. Can be 
used repeatedly. 






















279 











A COMPLETE LINE— 


Designed to Your Requirements 





SERIES RELAYS 


Balanced armature — 
Can be mounted in any 





position 
POTENTIAL 
RELAYS 
Precision snap-action 
contacts. Convenient 
terminal boord wiring. 
Totally enclosed. 
OVERLOAD 
PROTECTORS 
Patented bi-metal snap- 
action—inherent pro- 
tection. Large solder 
terminals. Manual and 
automatic. 
Let R-B-M engineering and production facilities serve 
you. Phone today or write Dept. A-4. 
Controls for Electronic, 
al a Refrigeration, In- 
dustrial, Appliance, 
ESSEX WIRE CORPORATION Communication and 
Logansport, Indiana Automotive Industries Ca 
» Coie 





280 


ELECTRICAL 


designer in government, industrial 


and academic research laboratories. 
An important factor in the arrange- 
ment of the material is the classifica- 
tion of all circuits under 
objectives. Thus, the reader will find 
chapters on basic non-feedback types 
of magnetic-amplifier circuits; basic 
external-feedback types: non-polar- 
ized, polarized and duo-directional 
circuits; internal feedback circuits; 
half-wave and full-wave circuits; and 
circuits of the self-balancing potenti- 
ometer type. Thus, the reader can 
select the sections that offer solutions 
to his problem and compare the vari- 
ous circuits presented for the purpose. 

The book is based on_ literature 
published in the past 50 years on 
saturable-core reactor devices. Data 
from numerous sources have been 
arranged under major classifications 
and described by means of standard 
terminology and uniform graphical 
symbols. 


design 


Industrial Electronics, by KR. Kretz- 
mann. Published by Phillips’ Tech- 
nical Library, Netherlands, and dis- 
tributed in the United States and 
Canada by Elsevier Press Inc., 155 
East 82nd St., New York 18. Price 
$5.50. 


This book has been written to pre- 
sent in a simple and practical way 
the general principles of electronics 
as applied to modern industry. The 
first part of the book describes the 
principles and properties of the vari- 
ous classes of electronic tubes, to- 
gether with typical applications and 
circuits. The treatment is simple and 
straightforward. The small amount of 
mathematics, introduced 
only where necessary, is of an ele- 
mentary character. 

In part 2 a separate chapter is de- 
voted to each of the main types of 
application, such as electronic relays, 
counting circuits, timers, speed and 
temperature control, containing a 
large number of practical examples, 
the operation of each being described 
in considerable detail with 
diagrams. 

The bibliography draws upon more 
American sources than European. 
Some articles that appeared in ELeEc- 
TRICAL MANUFACTURING are included 
as references. The original text was 
prepared under the direction of N. V. 
Philips’ Gloeilampenfabricken of Eind- 
hoven. It was translated into English 
by Hartley Carter of London. Al- 
though most of the illustrations are of 
Philips’ equipment, the text deals with 
basic principles in a readily under- 
standable way that should be of help 
to American design engineers. 


which | is 


circuit 
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OTHER SANBORN 
IMPROVEMENTS 


Extended frequency response. 
improved regulated power 
supply. 
Individual stylus temperature 
control for EACH channel. 
Improved, single control, paper 
speed selector. Nine speeds 
— 0.25 to 100 mm/sec. 

Recorder slides out, if desired, 
for better view of recorded 
events, or for notations on 
record (illustrated at right). 

improved control of input signals 
by use of 1, 2, 5 ratios on 
attenuator. 


1954 










SANBORN COMPANY 


INDUSTRIAL DIVISION 


SANBORN 150 SERIES 
OSCILLOGRAPHIC RECORDERS 





A NEW 
design concept 
that brings even \ 
greater versatility 
to industrial 
OSCILLOGRAPHIC 
RECORDING — 


The BASIC four- 
channel assembly in- 
cludes: Cabinet, Re- 
corder, and, for each 
channel, a BUILT-IN 
unit (A), which com- 
prises a Driver 
Amplifier with frame, 
and a Power Supply 
with control panel. 















(B) 

— ef 

: ry You have a CHOICE 

6 i readily interchangeable, 
e , plug-in Preamplifiers (B) 


for EACH channel, as 
described below. 








The new Sanborn 150 Series 
offers greater operating efficiency 
and convenience, and encompasses 
a variety of uses which include the accurate recording 

of almost every phenomenon whose frequency spectrum lies in the 

range from 0 to 100 cycles per second. 

A wide selection of plug-in preamplifiers, or “front end” 
units, such as (B) above, are completely interchangeable in any or all 
channels of the 150 Series amplifier section, where they simply plug in to 
the driver amplifier and power supply, (A) above, 
which are already in place. 

Available plug-in Preamplifiers include: AC-DC, CARRIER, 
SERVO-MONITOR, DC COUPLING, LOG-AUDIO, and LOW 
LEVEL. Blank plug-in assemblies are also available for users to make 
input circuits for special measurement problems. 

And, there are the popular Sanborn advantages: a high torque 
movement (200,000 dyne cms per cm deflection), 
direct inkless recording in true rectangular 
coordinates, and provision for code 

~ and time markings. 


A new catalog on Sanborn Oscillographic 
Recording Systems and their components 
will be sent gladly on request. 






195 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 
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ROTARY 
SWITCHES 


compact, rugged sy 


Men 


in Industry 










for motor and Dr. James B. Fisk, director of re- 
search in physical sciences at Bell 
Telephone Laboratories, New York, 
has been elected vice president in 
charge of research. He succeeds Dr, 


‘DIAMOND H’ Series 240 <i> Ralph Bown, who continues as a vice 


president with a new assignment in 


Heater Circuits 


Proven performers in leading makes of window air charge of long-range planning of the 
conditioners, fans, blowers, unit heaters and similar 
equipment, “Diamond H” Series 240 Rotary Switches 
are available in 2, 3, 4 and 5 position models, with 
motor ratings and in a wide range of circuit varia- 
tions and mounting arrangements. 


Long, trouble-free service life and peak performance 
result from the “Diamond H” slow-break principle, 
heavy silver contacts, ingeniously simple design and 
rugged construction. Entirely enclosed for safety and 
protection of working parts. Conservative ratings 
(15 A., 125V.; 7% A., 250V.; 1 h.p., 120 V.; 2 h.p., 
240 V., A.C.) provide high overload capacity. 


Send us your requirements today. 


THE HART MANUFACTURING COMPANY 


211 Bartholomew Ave., Hartford, Conn. 





JAMES B. FISK 





Laboratories’ programs. Dr. Fisk, who 
C | joined Bell Laboratories in 1939, has 
onsuU t had a distinguished scientific career, 


during which he served for 2 years 
as director of research at the Atomic 
Energy Commission and _ simultane- 
ously as Gordon McKay Professor of 
Applied Physics at Harvard Univer- 
sity. 


Virgil H. Disney has been pro- 
moted to manager of the electrical 
engineering research department, Ar- 
mour Research Foundation, Illinois 
Institute of Technology, Chicago. Mr. 
Disney has been assistant manager of 
the electrical engineering department 
since 1951. This department conducts 
research and development work for 
industry in the field of control sys- 
tems, electrical machines and devices, 
recording and computer systems, elec- 
tronic instrumentation, and on similar 
equipment, 


if your designs call for 
@®TERMINALS 


Sherman's long experience guarantees 

quality, economy and delivery on @CRIMP-TYPE —_ = i at as 
schedule. ASK FOR QUOTATION TERMINAL LUGS —_ _ James . Ireland, for “i y i as- 
OR ASSISTANCE FROM OUR ENGI- sistant to the vice president in charge 
NEERING STAFF © SOLDERING LUGS a of research and engineering, The In- 
@SOLDERLESS LUGS diana Steel Products Co., Valparaiso, 
Ind., has been appointed assistant 
director of research. Mr. Ireland will 
be responsible for all research, in- 
cluding that to be done by Indiana 
Steel under a new contract with the 





















BATTLE CREEK, MICHIGAN 
Electrical Fittings for Wire and Cable 
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Things have been humming at Aico. 
Every user of molded plastics has an 
interest in what has been going on in 


our big modern plant. 

Raise the roof . . . take a look 
inside. You'll see a vast improvement 
program as it nears completion, to 
make Aico one of the most versatile, 
finest equipped of all plastic molders. 

Big, new molding presses . . . the 
latest preheating and finishing equip- 
ment... rearrangement of production 


facilities . . . all contribute to produc- 
ing better plastic parts through greatly 
improved scientific control of mate- 
rials and sharply increased production 


INSULATOR CORPORATION 


FREEDOM, PENNSYLVANIA 


efficiency. 


AMERICAN 


NEW 


Now, even more than before, 
Aico makes it possible to simplify 
vour buying of plastic parts by placing 
all your orders under one roof. With 
complete compression, injection, cold 
molding and low pressure molding de- 
partments, Aico is one of the limited 
few plastic parts suppliers in a posi- 
tion to make an unbiased recom- 
mendation on the most practical and 


economical method of molding. 
Our engineering people are here 
for the purpose of advising you on 
the proper use of molded plastics. The 
use of this service involves no obliga- 


tion. Just drop us a line if you think 


we can be of assistancé to you. 


\ 


YA, 


Y 


OY 
WY 


MY 
\ WN 





Aico’s Complete Plastic 


olding Service Includes: 
RING COUNSEL on proper 


responsibility, 
INJECTION 
MOLDIN ; 
f Production wes a = high rat 
cost, 


rh electricg 
Wiring high heat ivdletenee ie 
nine PLASTics 
ively n 
aoe ew development in low 
ng of reinforced resin oe 
s. 





BIG NEWS FROM STEARNS 
FOR MAKERS AND USERS 
OF FHP MOTORS 





Now! For the first time — 


Magnetic disc brakes for motors 


from 1120 to 1/3 HP. 


Stearns now offers you a line 
of magnetic disc brakes to meet the 
new NEMA frame standards in a 
horsepower range never before covered 
with this type of brake — the 1/20 
hp. to 1/3 hp. range. Design engineers 
can now utilize the advantages of a 
spring-set, magnetically released 
brake in an entirely new field of mo- 
tor applications. 

This new 40 Series magnetic 


brake* is only 5 in. in diameter, less 
than 3-1/2 in. long, and has a torque 
range of from 6 lb. in. to 1 lb. ft. It is 
designed for mounting on the standard 
NEMA C end bell for motor frames 
42-C and 48-C and is also available 
for floor mounting independent of 
motor. The brake incorporates all the 
design advantages which have made 
Stearns the preferred brake by the 
nation’s leading motor manufacturers. 


New ! Magnetic disc brakes for 


re-rated motors —'/¢ to 2 HP. 


Stearns is also the first to offer 
the new 50 Series magnetic brake* for 
re-rated NEMA frames in the 1/6 hp. 
through 2 hp. motor range. It is avail- 
able in four torque ratings: 1-1/2, 3, 
6 and 9 lb. ft. This brake is designed 
to mount on new fractional hp. motor 
frames 56-C and 66-C and integral hp. 


motor frames 182 and 184. It takes 
less than one-half the space previ- 
ously required. 

Get all the facts about these 
new Stearns brakes that are broaden- 
ing the field of magnetic disc brake 
applications. Write today for new 
descriptive literature. 


1074 *Patent No. 2620901 12-9-52 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4» MAGNETS 


STEARNS MAGNETIC, INC. 


642 SOUTH 28TH STREET 


MILWAUKEE 46, WISCONSIN 


2384 


U. S. Air Force for basic and applied 
research on magnetics. Before coming 
to Indiana Steel, Mr. Ireland served 
for seven years as chief engineer for 
the Thomas & Skinner Steel Products 
Co. 


Director of engineering research at 
Syracuse University Research Insti- 
tute is Dr. Cornelius S$. Grove, Jr. In 
his new capacity, Dr. Grove will work 
jointly with the dean of engineering 
and the administrative director of the 
Institute in the promotion and coordi- 
nation of sponsored research in engi- 
neering departments. Prior to coming 
to Syracuse in 1947, Dr. Grove was 
head of the division of chemical engi- 
neering at Iowa State University. The 
Svracuse University Research Institute 
handles more than three million dol- 
lars of sponsored research annually. 


The newly created position of prod- 
uct planning manager at The Bristol 
Co., Waterbury, Conn., has been 
awarded to John G. Fleming. The 
position was created to provide a more 
concentrated approach to the com- 
pany’s planning of new and improved 
instrumentation. 


The Daven Co., Newark, N. J., has 
promoted J. P. Smith, Jr., formerly its 
chief engineer, to director of engineer- 





J. P. SMITH, JR. 


ing. Walter Voelker, formerly with 
Leeds & Northrup and the Bell Tele- 
phone Laboratories, has been ap- 
pointed chief engineer of the com- 
pany. 


Eric R. Behn is now the staff as- 
sistant to the manager of the elec- 
tronics department, W. L. Maxson 
Corp., New York. In his new capacity, 
Mr. Behn will handle technical phases 
of subcontracts. Before joining Max- 
son, Mr. Behn was associated with 
Walter Dorwin Teague Associates, 
N. Y., Control Instrument Co., Brook- 
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CUSTOMERS SAY: WE USE 





NATIONAL BRUSHES cccause... 


TRADE -MARK 





“...their wide range applicability simplifies 
specifications ... we can count on fewer brush 
types and sizes to do a better job.” 


aimee RS J 
NS i rarery 


aaa 





“...they offer more stock and catalog items 
than any other brand... faster delivery, fewer 
premium-priced ‘specials’... help us reduce pur- 
chase cost and simplify ordering.” 


gre OUT for yourself why electrical 
engineers, operators, purchasing agents and 
storekeepers agree on these outstanding 
features of “National” brushes for all types 

of main-drive, mill-type, and general-purpose 


motors. Put them to work all through your mill. 


Savings start right away! 


How good is really 
good brush performance 
Use “National” brushes 


and see! 


APRIL 1954 


NATIONAL 





“... their longer life, peak commutating ability 
and low friction cut our maintenance cost... 
keep production rolling longer . . . for less.” 





“...they’re easy to stack, unpack, identify... 
aid good housekeeping and speed storeroom 
check-outs.”’ 


The term ‘*‘National’’, the Three Pyramids device and the 
Silver Colored Cable Strand are registered trade-marks 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 
District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronto 


STANDARDIZED BRUSHES 
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WN 


YOUR AE ah eA 


Specify eS Dee 


AMPERITE 
LEA a a i AYS 


ION 


Provide delays ranging trom 2 to 120 seconds. 


e@ Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current. 

@ Hermetically sealed. Not affected by altitude, mois- 
ture, or other climate changes. 

@ Circuits: SPST only—normally open or normally 
closed. 

Amperite Thermostatic Delay Relays are compen- 

sated for ambient temperature changes from —55° to 

+70°C. Heaters consume approximately 2 W. and may 

be operated continuously. The units are most compact, 

rugged, explosion-proof, long-lived, and — inexpensive! 


TYPES: Standard Radio Octal, and 9-Pin Miniature. 
PROBLEM? Send for Bulletin No. TR-81 







AM PERIT 
DELAY 
=r 
| i 


STANDARD 





MINIATURE 


. Amperite Regulators are designed to keep the 
current in a circuit automatically regulated at 
a definite value (for example, 0.5 amp). 


@ For currents of 60 ma. to 5 amps. Operates on A.C., D.C., 
Pulsating Current. 


@ Hermetically sealed, light, compact, and most inexpensive. 


Lah 
OTE dd 


i AMPERITE 


SiC 


Maximum Wattage Dissipation: T64%2L—SW. T9I—l10W. 





Amperite Regulators are the simplest, most effective method 
for obtaining automatic regulation of current or voltage. Her- 
metically sealed, they are not affected by changes in altitude, 
ambient temperature (—55° to +-90°C), or humidity. Rugged; 
no moving parts; changed as easily as a radio tube. 


Write for 4-page Technical Bulletin No. AB-51 





Canada: Atlas Radio Cory 













lyn, N. Y., and for seven and one-half 
years with the U. S. Navy, Bureau of 
Ordnance, as a senior electrical engi- 
neer. 


Francis H. Gerlach has been ap 
pointed manager of engineering, Lamb 
Electric Co., Kent, Ohio. Mr. Ger 
lach who has had extensive experi 
ence in the design and manufacture 
of special application fractional horse- 
power motors, served for eleven years 
in the Small Motor Division, West- 
inghouse Electric Corp., and was for 
five years chief engineer of Fasco In 
dustries, Inc. 


The Morton Manufacturing Co., 
Muskegon Heights, Mich., has ap- 
pointed Oren G. Rutemiller, manager 
of sales and engineering and Sher- 
wood Bash, acting chief engineer. 
New chief engineer of the Welding 
Division is Kenneth Oslund. 


New senior project engineer at 
CBS-Columbia is Carmine Masucci, 
who had been assigned to the ad- 
vanced development department. Mr. 
Masucci, formerly a member of the 
engineering department of Sylvania 
Eelectric Products, Inc., is the author 
of technical papers and the holder of 
a number of electronics patents. 


Long concerned with centrifugal 
pump design and manufacture, Wil- 
liam Dowd is now serving the Carve 
Pump Co., Muscatine, lowa, as a con- 
sultant. Mr. Dowd has been associated 





WILLIAM DOWD 


with the R. D. Wood and Co., and 
the Le-Courtenay Co., where he 
served as chief engineer. In 1917 he 
became chief engineer and vice presi- 
dent of the company which bore his 
name, the Dayton-Dowd Co., Quincy, 
Ill. After its sale, Mr. Dowd actively 
continued as a consultant in the pump 


field. 


At Designers for Industry, Inc., 
Cleveland, Dante J. Domizi has been 
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EASY INSTALLATION 
CUTS LABOR COSTS 





No parting line on finger knuckles 
(A) eases insertion through square 
hole in refrigerator or freezer wall. 


PLASTIC SHELF SUPPORT 


One tap and it locks 


Pin is already partially driven so that moulding web between pin 
and main body is broken. This eases driving of pin in final 
mounting operation, eliminates danger of porcelain chippage and 
prevents misalignment of pin. 

Pin is a press fit and no rough edges are left on the exposed 
end of the shelf support after pin has been finally driven home 
..- leaving smooth, clean, rounded end. 

Depressed pin also eliminates danger of pin breakage in transit. 

Balanced moulding pressure during manufacture of DOT plastic 
shelf supports ensures high structural strength. 


Mallet drives pin through and 
spreads fingers, clamping support 
rigidly to wall. 








UNITED-CARR FASTENER CORP. 


CAMBRIDGE 42, MASSACHUSETTS 







MAKERS OF FASTENERS 
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Worthington Pump Used 
in Billet Descaling 






is powered by Star-Kimble Motor 


This Worthington 2%” by 12” plunger pump, shown installed at the 
South Bend Plant of the Oliver Corporation, produces the pressure 
needed to force water through the nozzles of a Worthington descaling 
system. Billets are fed into the descaling cabinet at the rate of 125 an 
hour. To maintain uninterrupted production flow at this rate of descal- 
ing calls for an unfailing supply of water to the nozzles of 110 gpm at 
2,500 psi. To power the pump for this service, Worthington selected a 
Star-Kimble squirrel-cage motor. 


IN ADDITION 





For information on standard squirrel-cage motors, write for Bulletin B-201. 


Standard and special motors of al! types, 1 to 125 hp; generators 
and motor-generator sets, 1 to 100 kw; Marine motors 14 to 125 hp. 


Star-Kimble 


MOTOR DIVISION 
of Miehle Printing Press and Mfg. Co. 





206 Bloomfield Avenue Bloomfield, New Jersey 
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appointed senior project designer, 
electronics engineering. Other recent 
promotions at the company include 
those of Roger L. Chaloupka and 
James V. Westberg to project design- 
ers, mechanical; and Hiram G. Gil- 
bert, Edward Holasek, Edward F. 
Mazur and George J. Prusha to proj- 
ect designers, electronics. 


The Hoover Co., North Canton, 
Ohio, has appointed James M. Adair, 
sales manager of its Electric motor 
division, North Plainfield, N. J. Mr. 
Adair has been associated with elec- 
tric motors for more than 25 years and 
has served in various capacities with 
Westinghouse Electric Corp., and 
Star-Kimble Motor Division, Miehle 
Printing Press and Manufacturing Co. 
In his new capacity, he will super- 
vise sales of the company’s entire line 
of fractional and integral-horsepower 
motors. 


New manager of the Micarta Divi- 
sion of Westinghouse is George H. 
McBride. Formerly assistant manager 





GEORGE H. McBRIDE 


of the company’s Switchgear Division 
at East Pittsburgh, Mr. McBride will 
make his headquarters at the Trafford, 
Pa., plant of the Micarta Division. 
Mr. McBride joined Westinghouse in 
1922. He is a member of the Ameri- 
can Gear Manufacturers’ Association 
serving as president of the Society in 
1951 and 1952. He is also a member 
of the society of Naval Architects and 
Marine Engineers. 


As part of their program of research 
and product development in the field 
of room air conditioning equipment, 
Remington Corp., has appointed Rob- 
ert D. Bartlett and Andrew Reiss as 
project engineers. Their duties will 
‘nelude the design and development 
of room air conditioning equipment. 
Before joining Remington, Mr. Bart- 
lett was chief engineer in charge of 
refrigerator equipment, Ace Cabinet 
Corp., New Bedford, Mass. Mr. Reiss 
has served as chief design engineer for 
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Could Harnischfeger’s solution be your solution ? 


e 2 


at Ca a ES. 


1. Higher production from mining equipment. Heavy excava- 


ters, such as this Harnischfeger P&H Model 1600 Electric Shovel, 
are designed with Class B insulation on all large d-c motors and 
generators, for heavier loads and longer life. Class B ISOMICA 
tape is used to insulate windings because of its outstanding uniform- 
ity and flexibility features. 





3. Greater loads and longer service. For heavy industrial work, 
Harnischfeger P & H Overhead Electric Cranes are sturdily built 
mechanically, use the strongest, most uniform electrical insulation 
for added performance and protection. The ISOMICA insulation, 
which Harnischfeger uses, is strong both mechanically and electrically 
...can be wound using taping machines without breaking. 





2. Brake coil protection with ISOMICA tape. This d-c brake coil 
used in conjunction with 230-v d-c Harnischfeger Crane and Excava- 
tor Motors operating on continuous duty cycle, 75°C rise, gets pre- 
mium electrical protection from ISOMICA tape. Made from long rolls 
of thin continuous mica sheet, this tape has no high spots or voids, 
gives more uniform mechanical and dielectric strength. 





4. Easy application, superior performance. An armature coil 
and a motor field coil, both to be used in Harnischfeger Electric 
Cranes, are wound with ISOMICA tape made from thin continuous 
mica sheet. This is just one of the many specialized insulation ma- 
terials developed by Mico to help manufacturers build improved 
performance into their electrical products. 


Whatever electrical insulation material you need—Class A to Class H—stand- 
ard or special—MICO makes it best. We manufacture it, cut it to size, or 
fabricate it to your specifications. Send us your blueprints or problems today. 





MICA Yusubtailrr COMPANY 


Schenectady 1, New York 


Offices in Principal Cities 


In Canada— Micanite Canada, Ltd., Granby, Quebec 


LAMICOID ® (Laminated Plastic) «MICANITE ® (Built-up Mica) e EMPIRE © (Varnished Fabrics and Paper) ¢ FABRICATED MICA * ISOMICA - 
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CONTROLLED 
la 


at a price you can 
eh eel a) 





Practically non-breakable, Dura- 
kool Pre-set Timer Relays have 
more than proved themselves on 
the roughest and toughest jobs 
that could be found. Year by 
year, their use increases in sensa- 
tional fashion. 

Controlled time available from 
15 to 20.0 seconds in either nor- 
mally open or normally closed 
actions, 3 to 4 week delivery. No 
waiting. Your production schedule 
is met. 


See telephone directory for local dis- 
tributor or write 


DURAKOOL, INC., Elkhart, Indiana 


VTL 








YOUR COMPETITOR’S EYE will be quick to see prof- 
itable new plastics applications at the National PLASTICS EXxPO- 
SITION. New materials, new uses, new equipment—to see and 
feel. All that’s new in plastics at Cleveland, June 7-10. Special 


PRE-SET, TAMPER-PROOF 
TIMING 

















; /%% No false contacts 

*% No chatter 
: *% Quiet in operation ; 
;  ¥ Eliminates double contacting 
bet coed or breaking of circuit ' 


ALL-STEEL 
eae Ee 





conferences, too. Don’t you miss it. Write for tickets 


today. On your company letterhead, please. Sorry, 


not open to general public. 


NATIONAL PLASTICS EXPOSITION 


sponsored by 





THE SOCIETY OF THE PLASTICS INDUSTRY, 67 W. 44TH ST., NEW YORK, N. Y. 
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Fedders Quigan Corp., Buffalo, and 
as chief engineer of Morrison Steel 
Products, also located in that city. 


Donald M. Strathearn, director of 
engineering for Bendix Home Appli- 
ances Division of Avco Manufactur- 
ing Corp., has been given the addi- 
tional assignment of directing Avco’s 
laundry research and development 
program. Announcement has also been 
made that Wallace F. Oliver, formerly 
vice president and director of engi- 
neering of Bendix Home Appliances, 
Inc., who has been a consultant to 
the firm since it became a division of 
Aveo, will play a more active con- 
sulting role, particularly in the de- 
velopment of new laundry products. 


In his new position as vice president 
of Panalarm Products, Inc., Chicago, 
Howard W. Hudson will be in charge 
of the company’s engineering and 
production activities. The company 
manufactures industrial annunciator 
systems. 


Formerly director of research and 
engineering at the Beltone Hearing 
Aid Co., Chicago, Stanley K. Webster 
is now devoting his full time to his 
consulting and development firm, 
Elmhurst, Ill. Mr. Webster will spe- 
cialize in applications of electronic 
and acoustical devices, particularly on 
transistors. 

An early experimenter in transistor 
development, Mr. Webster helped de- 
velop applications of the point-con- 
tact types in 1947 and has since 
carried on research in uses of junction- 
tvpe transistors. 


Ralph E. Cross, executive vice pres- 
ident of the Cross Company, Detroit 
machine tool builders, has been 
named director of the metal-working 
equipment division, Business and De- 
fense Services Administration, U. S. 
Department of Commerce. 

Mr. Cross, who will make his head- 
quarters in the Commerce Building, 
Washington, is one of a group of men 
from industry serving the government 
without compensation on a rotating 
basis. Mr. Cross is known as the origi- 
nator of a number of developments for 
automatic control and machine tools. 
For automatic control he originated a 
mechanical memory unit that pro- 
grams the functions of large automatic 
machine tools. 


For his contributions to electrical 
progress in the aviation industry, 
Westinghouse Electric Corp., has 
awarded its highest honor, the West- 
inghouse Order of Merit, to Bascum 
O. Austin, manager of the control 
section of the aviation engineering de- 


MANUFACTURING 


OTHER TYPES OF RECTIFIERS TOOK 
THEIR TOLL AT THE TOLL GATES 


... THEN 


Neletron 


SELENIUM RECTIFIERS BRIDGED THE GAP! 


_ 


aL 


INSTALLATION AT TRIBOROUGH BRIDGE. 
60 VOLTS OUTPUT, 45 AMPS. CONTINUOUS 
DUTY, OPERATING 24 HOURS A DAY, 365 
DAYS A YEAR 


ERS working on New York's great Tri- 


borough Bridge had a problem: Existing recti- 

fier installations controlling 22 toll lanes were 
not efficient. . . They were far too bulky for the 
current and voltages delivered. .. They generated too 
much heat. 


The solution? Ralph M. Thompson of the Elec- 
tronic Signal Company, Williston Park, L. L, to 
whom the contract was let chose and installed 
SELETRON Selenium Rectifiers built on aluminum 
... and the problem ceased to exist! For SELETRON 
Selenium Rectifiers actually require no more than 
1 Sth the space needed for the old equipment; they 
have low internal heat losses, and afford much better 
voltage regulation. 


The Triborough Bridge installation is typical of 
hundreds of other applications where “job-rated” 
SELETRON Selenium Rectifiers have paid off in top 
performance, They are available in a variety of 


assemblies to cover a wide range of currents and 
voltages, 


Perhaps you have a tough rectification problem that SELETRON engineers con solve. Will you 
write and tell us about it now? Our general catalog is yours for the asking, too. Just address 


Dept. ES-24 


SELETRON & GERMANIUM DIVISION 


RADIO RECEPTOR COMPANY, INC. 


RP Since 1922 in Radic and Electronics RP 


SALES DEPT: 251 West 19th Street. New York 11, N. Y*\FACTORY: 84 North 9th Street, Brooklyn 





How’s this for continuous performance! 





SELENIUM RECTIFIERS 


Seletron and Germanium Division 


RADIO RECEPTOR COMPANY, INC. 


In Radio and Electronics Since 1922 
SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N.Y., WATKINS 4-3633, FACTORIES IN BROOKLYN, N. Y. 


APRIL 1954 


Back in 1948 an ad we ran told how SELETRON Selenium Rectifiers 
were operating successfully in a new installation on the toll lanes 
of New York’s great Triborough Bridge. 


Today after many years SELETRON’s hit performance still continues. 
As a result, additional installations have been made at other tunnels 
and bridges under control of the Triborough Bridge Authority. These 
rugged rectifiers are giving positive proof of their long-lasting depend- 
ability on the bridge and in hundreds of other diversified applications. 

If you have a spot in your plans for selenium rectifiers, you need 
SELETRON. Write us now without obligation, won’t you, or study 
our catalog in Sweet’s Product Design File. We also manufacture 
germanium diodes and transistors. 
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partment. Mr. Austin, who has served 
Westinghouse for 36 years, was cited 
for: “His consistent and resourceful 
leadership in developing engineering 
preeminence for Westinghouse in the 
control field of the aircraft industry; 
and for his outstanding ability to train 
young engineers in the highest West- 


\GHTY Te | inghouse tradition.” 
= a 


At the eighty-fourth annual dinner 
of the Stevens Institute of Technology 
Alumni Association, Stevens Honor 
Award Medallions were bestowed on 
Ralph J. Cordiner, president of Gen- 
eral Electric Co., and Richard H. 
DeMott, chairman of the board and 
president of SKF Industries, Inc. 

Mr. Cordiner who was the principal 
speaker at the dinner was honored for 
his achievements while with General 
Electric, which he joined 26 years ago. 
He has been president of the company 
since 1950. Mr. DeMott was graduated 
from Stevens in 1908 with the degree 
of mechanical engineer. 

Mr. DeMott, who has been presi- 
dent of SKF since 1950, has also been 
serving as Chairman of the board since 


1951. 


<> PIN = 
THERMAL CONTROLS 
ae 


Thomas & Betts Co., Elizabeth, N. 

]., has appointed as its engineering 

technical director Martin D. Bergan. 

Mr. Bergan, who was formerly di- 

rector of research, will guide, review 

and approve proposals for new prod- 

| uct design prior to their submission to 

the company’s development executive 
committee. 





Small coils for transformers, ballasts, solenoids, can be individually j he company also advanced L. M. 

: : ; ; ; : Curtiss from executive engineer to 

protected against operation under excessive heating by inserting a . : ae ; 

: . : oe assistant chief engineer in charge of 
Mighty Mite Thermal Control at the point of greatest heat origin. Pre- . 


development. Mr. Curtiss will super- 
vise product investigation, research 
and development. 


set and accurately calibrated, a Mighty Mite Thermal Control will auto- 
matically disconnect the circuit at a safe temperature limit. Prevents 
insulation charring, burning and resulting short circuited coils. Simple, 


sturdy construction. Easy to install. Light weight. Write for samples. Formerly its vice president, Dr. 


Available in a variety of lead and terminal connections. Peter C. Goldmark has been appointed 
a president of CBS Laboratories, the 
Ga ZB t engineering research and development 


division of CBS, Inc. Dr. Goldmark 
is a Fellow of the Institute of Radio 
Engineers, the Society of Motion Pic- 
ture Engineers and the British Tele- 
vision Society. In 1945 he was 
awarded a medal by the Television 
Broadcasters Association for his color 
television work. In 1946, the IRE 
awarded him the Morris Liebman 
Memorial Prize for electronic research. 


Dr. Theodor Buchhold, former], 
chief of the guidance and _ control 
branch of the Guided Missile Devel- 


i 
NICAL INDUSTRIES | opment Division, Redstone Arsenal, 
& MECHA | has joined Fort Instrument Co., Long 
ee Island City, N. Y., as staff consultant 
TTT Ea Les PRODUCTION COMPANY | to the vice president for engineering. 
wa 217 ASH STREET © AKRON 2, OHIO 


Dr. Buchhold will specialize on re- 
| search and development projects. Now 
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an American citizen, Dr. Buchhold is 


known for the development of the 
Buchhold Magnetic Amplifier Circuits 
and for his work on the design of 
automatic controls and regulators and 
electric locomotives. 


William C. Jenner, formerly of Re- 
liance Electric and Engineering Co., 
Cleveland, has joined Houghton 
Laboratories, Olean, N. Y., as chief 
electrical engineer. Mr. Jenner is well 
known for his work with electrical 
insulation materials. 

A graduate of the Case Institute of 
Technology, with a B.S. degree in 
electrical engineering, Mr. Jenner 
studied electronics and radar engi- 
neering at Harvard University and 
Massachusetts Institute of Technology 
and served as a Lieutenant Com- 
mander, USNR, from 1943 to 1946. 
His affiliations include the American 
Institute of Electrical Engineers, Na- 
tional Research Council, Conference 
on Electrical Insulation, and other 
engineering societies. 


W. W. Furnell, Jr., and Gloria Lee 
Smith have joined the engineering 
staff of Varo Manufacturing Co., Gar- 
land, Texas, as assistant project engi- 
neers in the electrical design depart- 
ment. Mr. Furnell has done design 
work on communications equipment 
and on subminiature military circuitry. 
Formerly he was associated with 
American Radio and Television, Inc. 
Miss Smith is a graduate of the 
Stevens Institute of Technology and 
has specialized in fire control systems 
and electrical controls for aircraft. At 
Varo, both new staff members will be 
concerned with research and develop- 
ment activities, with emphasis on pre- 
cision power supplies and frequency 
standards. 


Dr. Robert D. Huntoon has been 
appointed associate director for 
physics at the National Bureau of 
Standards. The Bureau’s organization 
now provides for four associate di- 
rectors. 

In addition to Dr. Huntoon, Dr. 
Wallace R. Brode, formerly associate 
director for research is now associate 
director for chemistry; Dr. A. T. Me- 
Pherson, continues as associate direc- 
tor for testing, and Nicholas E. Golo- 
vin, formerly assistant director, is now 
associate director for administration. 

Dr. Huntoon brings to his newly 
created position broad experience in 
the fields of atomic and nuclear phys- 
ics and electronics. He has also been 
designated as acting chief of the NBS 
Electronics Division and of the Bu- 
reau’s Central Radio Propagation 
Laboratory. 
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The simple, 
scientific fastener 
(accepted for years 
by engineers) keeps 
bolted assemblies 


} PERMANENTLY 


TIGHT 


SPRING 
VY Et BY 


BEAL? 


BEALL Helical 
Spring washers com- 
PES Meta 
MYT teed Lien lL 
die A ae ae ole La 
nut head, and pulverizing of 
paint, rust or scale. 


BEALL TOOL DIVISION 
of Hubbard & Company 
Jeri Vie 





Company 


Briefs 


The Loyd Scruggs Co. has moved 
its offices and production facilities to 
a new plant in Festus, Mo. Part of 
an expansion program to increase 
production facilities, the move pro- 
vides manufacturing space of approx- 
imately 43000 sq ft. The company, 
which was formed in 1934, became 
a wholly owned subsidiary of the 
Dazey Corp., in 1951. 

Loyd Scruggs are contract manu- 
facturers of fractional - horsepower 
motors, power tools, and_ electro- 
mechanical assemblies for a wide 
variety of equipment. The company 
intends shortly to announce the addi- 
tion of a new motor designed for the 
fan and home air conditioning in- 
dustry. 





Diversification of products and of 
engineering activity has necessitated 
a change in name of the Scintilla 
Magneto Division of Bendix Aviation 
Corp. The new name is “Scintilla 
Division.” The word, “Magneto” was 
deleted from the Scintilla name since 
Your ‘‘special”’ filter problem it no longer describes the size and 


scope of the division’s operations. 
may already be a C-D QUIETONE Scintilla Division manufactures elec- 
stock item. trical connectors, switches, radio 
noise filters, and many other prod- 
ucts. 





Check first with Cornell-Dubilier, the 
world’s largest manufacturer of R.F. 


ATTENUATION FILTERS. The FEED-THRU or The Warmer & Swasey Co.. Cleve- 


PI filter you are looking for may already land, has purchased the business and 
be a stock item with C-D. For your special assets of Industrial Scientific Co., 34 
design and application problems, C-D’s West 33rd St., New York, and has 
great filter laboratory and Technical formed the Warner & Swasey Re- 
Advisory Service is available to you search Corp., to carry on, in expanded 
without obligation. Write for catalog form, the work of the former com- 
No. 148, describing C-D’s stock line of pany. The new company, which will 


UIETONE FIL Teen be located in New York, is expected 
@ oe to expand its activities to include 


Cornell-Dubilier Electric Corp., Dept. H 44 new projects in the field of machine 
South Plainfield, New Jersey. tools and textile machinery. 





*® There are more C-D capacitors in use New 


corporate offices of Servo- 
today than any other make 


mechanisms, Inc. is located at 500 
Franklin Ave., Garden City, New 


York. The company designs and pro- 
& tc etoUe ee duces electronic and electromechan- 
FILTERS ical controls and _ instrumentation 
@®) equipment, 


e Tentative plans for the construc- 
( , 4 ape tion of a large electronics engineer- 
ANTENNAS ROTORS CAPACITORS VIBRATORS a 


CONVERTERS ing and research laboratory in Way- 


land, Mass., have been made by the 
PLANTS IN SOUTH PLAINFIELD, N. J.;: NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASS.; PROVIDENCE AND HOPE VALLEY. R. | t} ° . “xKx7 
INDIANAPOLIS, IND.; FUQUAY SPRINGS AND SANFORD, WN. C.; AND SUBSIDIARY, THE RADIART CORPORATION. CLEVELAND. OHIO Rayt 1€0n Manufacturing Co., W al- 
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eae? 
Ci a ~~ . 
} te The hermetic motor—that part of a modern 
y 9% . . . . 
| eto refrigerating unit the user never sees—is truly 
ee” . ka 
wigte® “out of sight... out of mind. 
° - ‘8 
ee”? 
wae 
orgy And the fact that it is forgotten is a tribute 


to its design and construction, for here is a 
motor that must always function perfectly, 
while permanently enclosed in the compres- 
sor housing. The “forgotten” part of many of 
America’s most dependable refrigeration units 
as an Emerson-Electric Hermetic Motor. 


You can benefit from Emerson-Electric’s 63 
years of experience in motor design and 
production. If you have requirements in rat- 
ings from 1/20 to 5 h.p., or hermetic motors 
from ¥% to 20 h.p., Emerson-Electric has the 
right motor for you. Your inquiry is invited; 


THE EMERSON ELECTRIC MFG., CO. 
St. Louis 21, Mo. 


EMERSON - ELECTRIC’S unique 


ar 


solves your power problems 





Our engineers are eager to work with yours in 
designing and providing the correct motor for 
contemplated new or improved appliances 
or equipment. “TWIN-GINEERING” 
saves costly engineering “back-tracking,” and 
may suggest short cuts and product improvement. 
Write today for Bulletin No. 495. 


EMERSON <-> ELECTRIC 


MOTORS + FANS APPLIANCES 
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tham, Mass. Options have been ob- 
tained on about 73 acres, with plans 
being conditioned upon the comple- 
| tion of — satisfactory arrangements 
with the officials of Wayland, and of 
suitable financing. 


The newly formed R. M. Reichl 


Ue 
eee ii ee 
Co., 110-11 70th Rd., Forest Hills, 
nd nd | L. L, New York, specializes in de- 
| recision | velopment-engineering and engineer- 
- = | ing consultation. The company has 
| 


been organized by R. M. Reichl, 


| formerly the vice president of Hydro- 
oesn HU eT | press, Inc., New York, who has been 


| active in the field of hydraulic ma- 


| chinery, heavy presses, and similar 
bd i bad ¢ | equipment for over 20 years. 
I ice a With the release of “Dynamic 


Measurement” Consolidated Engin- 
eering Corp., has made available a 
30-min color film describing the role 
of dynamic measuring and recording 


instruments in science and industry. 

SEND TODAY FOR OUR NEW | The 16-mm sound motion picture 

CATALOG AND LATEST PRICE SHEET | re : ; ; : 
demonstrates how electromechanical 


| and electronic devices which evalu- 
| ate and record strain, vibration, pres- 
sure, excelleration and other phe- 
| nomena of motion, have contributed 
to the improvement of engineering 
| design and the solution of scientific 
| problems. 
Arrangements for showing the film 
to engineering, industry and scientific 
| groups may be made by writing to 
| the public relations dept., Consoli- 
the public relations dept., Consolidat- 
ed Engineering Corp., 300 N. Sierra 
Madre Villa, Pasadena 15, Calif. 























COST LESS TO BUY! COST LESS TO USE! 
Than Nuts Produced By Other Methods. 


The Catalog and Price List offered will prove our 
High-Precision, Low-Price Promise. The new 16 
page Catalog gives you the details and features that 
make “Fischer Turned” Brass Nuts more eco- 
nomical to use. 


A central research and product de- 
velopment department for the de- 
velopment of new home appliances 
has been created by the Norge Di- 
vision of the Borg-Warner Corp., Chi- 
| cago. With headquarters in the divi- 
| sion’s Muskegon Heights, Mich., 
| 


Our Latest Price Schedule will show you that these 
Fischer features don’t cost you an extra cent. In 
fact, ‘Fischer Turned”’ Brass Nuts will probably 
cost less than the nuts you are using now. 


POSITIVE ‘‘ON TIME” DELIVERY 


You don’t guess! You don’t worry when you order 
“Fischer Turned” Brass Nuts. Your order ar- 
rives on or before the promised delivery date. So 
Specify and Order “Fischer Turned” Brass Nuts 
... get Precision, Price and Positive Delivery! 


plant, the department will be headed 

by G. P. Kennedy, who has been 

appointed director of research. 
| The new department will concen- 
| trate on developing home appliances 
| and will also conduct research and 
| development work on new materials 
| and manufacturing methods. Basic 
research facilities at Borg-Warner’s 
| Bellwood, Ill., laboratories, will con- 





MM’ > : ( tinue to assist Norge engineers. 
Ft fF. oa AL ; 
"Quis VATA : 
By ' , @ The Multi-Amp Corp., manufactur- 


ers of portable high-current testing in- 
struments, has moved its facilities 
from Harrison, N. J. to larger quarters 
at 10 Third St., Newark, N. J. The 
move makes available a three-fold ex- 
pansion in office and plant space. 


" FOR PRECISION MADE SPECIALS Jf 


SPECIAL MFG. CO. 
CYT ela: | ee ee ed) 


New plant addition planned for its 
Ashtabula (Ohio) Division, has been 
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“Flexible at low temperatures” 
reports Allied Control Co. on IRV-O-LITE XTE-30 


Ability to retain its initial flexibility over long periods of operation 


at low temperatures is one of the major reasons why Allied Control 


Company, Ine., New York, has selected Irvington’s IRV-O-LITE Look to 
XTE-30 extruded plastic tubing. Tubing is used for insulating the IRVINGTON 
flexible pigtail connections to the moving contact arms on Allied’s for Insulation Leadership 
Type BOY relays. INSULATING VARNISHES 
ae VARNISHED CAMBRIC 
Because of its smooth interior surface, XTE-30 tubing slips easily VARNISHED PAPER 
over the finely stranded wire leads without breakage of strands. In VARNISHED FIBERGLAS 
addition to its high dielectric strength, the tubing affords mechanical eer t are 


. . ° CLASS “H" INSULATION 
protection from abrasion and tearing. 


Other features of XTE-30 include high tensile strength and resistance 
to acids, alkalies and most solvents. 





Write for Technical Data Sheets. 


IRVINGTON isutaror 
DIVISION OF MINNESOTA MINING & MANUFACTURING COMPANY 


9 ARGYLE TERRACE, IRVINGTON 11, N.J. © PLANTS: IRVINGTON, N. J.; MONROVIA, CALIF.; HAMILTON, ONTARIO, CANADA 
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... Maybe one of these 
REULAND “specials” 


will solve it! 


FLUID-SHAFT MOTOR 


Motor with internal fluid coupling. Provides 
smooth load acceleration. More compact than 
separate motor and coupling. Assures perfect 
alignment. Will start heavier loads than stand- 
ard motors of same horsepower. Used on 
cranes, conveyors, mixers, etc. 


FLUID-SHAFT MOTOREDUCER 


Consists of Reuland Fiuid-Shaft motor and gear 
reducer as one compact unit. Converts the 
motor’s conventional high speed into a slow 
speed, high torque output. Provides smooth 
starts. Prevents equipment jamming. Used on 
cranes, hoists, car pullers, etc. 


RIGHT-ANGLE MOTOREDUCER 


Consists of Reuland motor and worm gear 
reducer. Provides unlimited mounting versa- 
tility. Permits use of 1 high speed and 2 slow 
speed power-take-off shafts, if desired. Ideal 
for designing into cramped quarters. Also 
available with Fluid-Shaft drive motor. 


HYDRAULIC PUMP MOTOR 


Special end bell flange permits direct, end bell 
mounting of all standard makes of pumps. 
Eliminates need for special mounting platforms. 
Assures absolutely perfect alignment with 
pump shaft. Available with mounting flange 
on one or both ends. 


THROUGH-SHAFT MAGNETIC BRAKE 


“Doughnut” type design allows extension of 
shaft entirely through brake. Permits use of - 
TWO output shafts per motor. Can be mounted 
on the input or output shafts (or both) of Fluid- 
Shaft motors and motoreducers. Only 6 major 
parts...self adjusting ... half usual length. 





OVER 600 SPECIAL ELECTRIC MOTOR DESIGNS 


Whatever your drive problems may be, there is a 
good chance that the Reuland “library of specials” 
contains a unit that is already tailored to your needs. 
Its availability will save you development work and 
put you in production faster. 

Write today, outlining your particular problem. No 
obligation, of course. 


<<é> REULAND 


DISTRIBUTORS IN ALL PRINCIPAL CITIES 
WESTERN DIVISION—ALHAMBRA, CALIFORNIA « EASTERN DIVISION—HOWELL, MICHIGAN 





ELECTRIC 
COMPANY 
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announced by the Reliance Electric & 
Engineering Co., Cleveland. The new 
90,000 sq-ft building will increase 
plant and office area to a total of 
220,000 sq ft. The new plant will be 
used to produce the company’s new 
line of a-c motors being built to the 
new NEMA standards. 


Increased commercial production 
for more and wider markets is planned 
for 1954 by Federal Telephone and 
Radio Co., Clifton, New Jersey. The 
manufacturer of monocolor television 
picture tubes has been discontinued, 
with the manufacturing area being 
assigned to the increased production 
of power vacuum tubes for industrial 
and communications equipment. 

Greater emphasis will also be placed 
on the manufacturers line of compo- 
nents, including germanium diodes, 
selenium rectifiers, magnetic amplifiers 
and magnetic amplifier systems. Fed- 
eral’s expanded operation will also 
make available many types of wires 
and cables, including high tempera- 
ture hook-up wires. 


Intermetal Corporation, with execu- 
tive offices at 120 Wall St., N. Y. and 
laboratories and plants in Valley 
Stream, N. Y. and Germany, has an- 
nounced its entry into the semi-con- 
ductor field, with its activities being 
devoted to the research, manufacture 
and application of germanium and sili- 
cone diodes and transistors, as well as 
for research in other intermetallic com- 
pounds. 


Stockholders of Federal Enterprises, 
Inc., Chicago, has voted to change its 
name to Federal Sign and Signal Corp. 
The company’s diversity of products 
dictated a name more descriptive of 
its full product line. The company 
manufactures outdoor electric signs, 
as well as industrial, emergency and 
military signaling devices. 


A regional sales office at 2801 San 
Jacinto St., Houston, Texas, serving 
the state of Texas and Louisiana, has 
been opened by Fansteel Metallurgical 
Corp. In charge will be Lawrence C. 
Rodgers, a graduate mechanical engin- 
eer from Texas A & M college. 


The Pittsburgh Plate Glass Co., 
Pittsburgh, has agreed to purchase the 
fiber glass manufacturing facilities and 
other assets of the Glasfloss Division 
of Tilo Roofing Co., Inc., Assets of 
the Glasfloss Division include a manu- 
facturing plant at Hicksville, N. Y., 
machinery and other equipment for 
fiber glass manufacture, inventories on 
hand, patent rights, trade marks and 
good will. 

Purchase of the new facilities will 
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CROSSBAR 
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Developed by the Bell Laboratories for =x 
use in telephone relays, cross bar con- 4 
34 tacts have found wide application in 

’ miniature relays and contacts. The cross- 
Se bar principal facilitates assembly in that f 


Economies are effected both in the at- + 
oy taching by Makepeace machines which 
3 cut off and weld automatically and in > 

savings in precious metal by using lami- 

nated precious. metal capped contact ; 

tape, manufactured in production runs n 

on reels—no handling of individual tips. 


RAISED LAY 


One or more strips of silver are bonded 
to a base metal in the form of a ridge or 
bar. Costly assembly operations are re- 
duced to blanking costs...no waste of 
precious metal. Cold, hard rolling pro- 
duces required temper in base metal and 
dense, hard contact surfaces for highly 
desirable electrical and mechanical 
qualities. 


Nos 


Precision Rectangular Waveguide Tubing 
Microwave Components 

Microwave Transmission Assemblies 
Electrical Contact Material 

Formed Electrical Contacts 

Crossbar Welded Contacts 

Slip Ring and Slip Ring Assemblies 
Brush Assemblies 

Precious Metals Clad to Base Metals 
Sheet—Tubing—Wire and Assemblies 
Sendzimir Precision Rolling 


D. E. MAKEPEACE COMPANY 


Division of Union Plate and Wire Co. 
Attleboro, Mass. 
Sales Offices: New York © Chicago « Los Angeles * Columbus 


e 
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SPOT LAY* 


==] Makepeace 


3 AIDS TO 
BETTER ELECTRICAL 
alignment of contacts is not critical. z co NTACTS 


More than fifty years’ experience in the 
production of finely finished laminated 
and solid precious metals with the closest 
possible tolerances has made Makepeace 
the logical source of supply for materials 
which must meet the most exacting 
specifications for economy, electrical 
qualities, strength, hardness and temper 
plus longer effective service life. 


> 





Makepeace’s patented method brazes 
slugs of precious metal into strip stock and 
positions them exactly where needed. Now 
manufacturers of rotors in switches and 
small bridge contacts are provided with a 
new economical and efficient material with 
lower end cost and better life performance. 









*Patented 











metallized-paper 
CAPACITORS 


Seunenow’ Aerolene* does it! This Aerovox-exclusive solid impregnant 
virrep accounts for the higher temperature ratings and longer 
life of Aerovox metallized-paper capacitors. The accompanying 
curve (Operating Voltage vs. Temperature) tells the story. Further 
gains from permanently-imbedded sections in solid Aerolene impregnant 
are: maximum immunity to vibration and rough handling. And of course 
minimum size and maximum convenience. Install them—forget them! 


Available in a wide variety of case styles including modified molded tubular, 
and all types of metal-cased hermetically-sealed construction with 
capacitance ratings from .0005 mfd. to 100. mfd. at voltages up to 600 VDC. 


Ask for literature on Aerovox metallized-paper 
Get the FACTS s capacitors in both standard and special types. Our 


metallized-paper specialists will gladly collaborate 
on your extra-compact-capacitor needs. 


AEROVOX CORPORATION 


Hi-Q ACME CINEMA 
- DIVISION ELECTRONICS, INC. ENGINEERING CO. 
eT ry OLEAN, N.Y. MONROVIA, CALIF. BURBANK, CALIF. 


*Trade Mark 





in Canada: AEROVOX CANADA LTD., Hamilton, Ont. 
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permit Pittsburgh Plate to broaden 
the scope of its fiber glass products 
and markets, since the Glasfloss Plant 
employs a technology different from 
that used at Pittsburgh’s Shelbybille 
plant and produces a much thicker 
fiber. 


Formation of Control Laboratories, 
Inc., Valhalla, N. Y. has been an- 
nounced by Avien, Woodside, N. Y., 
with which the new company will be 
associated. Head of control labora- 
tories will be Stanley J. Smith, recent- 
ly director of engineering and de- 
velopment, Simmonds Aerocessories, 
Inc. The new company will specialize 
in the development of electronic con- 
trols and servomechanisms for aero- 
nautical and other applications. 


The sixth branch plant of Sprague 
Electric Co., North Adams, Mass., will 
open late this spring at West Jefferson, 
N. C. In charge will be Robert L. 


Parrish. 


Purchase of 40-acres in Niles, Ill., 
bordering Chicago is in line with the 
overall planning at Motorola, Inc., 
Chicago, for the progressive realign- 
ment of various operations to achieve 
greater efficiency and more orderly 
growth. Ultimately, it is planned to 
relocate the company’s engineering 
laboratories and administrative offices 
on this site. Development of the prop- 
erty and erection of buildings will call 
for an expenditure exceeding five mil- 
lion dollars. 


Cutler-Hammer, Inc., Milwaukee, 
Wis., has appointed J. T. Riday as 
manager of its South Bend, Indiana 
sales office. An electrical engineering 
graduate of Cornell Universitv, Mr. 
Riday joined the company in 1941 
and served for three vears in its engi- 
neering department. 


Helipot Corp., South Pasadena, 
Calif., manufacturer of precision po- 
tentiometers, has opened its new east- 
ern plant in Mountainside, N. J. Heli- 
pot, a division of Beckman Instru- 
ments, Inc., will occupy 14,000 square 
feet in the plant. An additional 6,000 
square feet will be occupied by the 
eastern regional offices and showrooms 
of the Beckman Div. of Beckman In- 
struments, Inc. 


“Molded Rubber,” a 20-min 16-mm 
sound color film has been released by 
the Acushnet Process Co., New Bed- 
ford, Mass. The film depicts the pro- 
duction of precision molded rubber 
parts, from design to the finished part. 
Requests for the film should be ad- 
dressed to Karl P. Goodwin, vice 
president, The Acushnet Process Co., 
New Bedford, Mass. 
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The lasting dielectric strength 
of General Electric magnet wire 
will help you... 


PROLONG 


THE LIFE OF 
Wound 
Electrica 
Equipmen 


To prolong the life of windings in its own products, 
General Electric has developed a line of magnet wires 
that will maintain their dielectric strength under a 
wide range of manufacturing and operating conditions. 
These same wires are available to provide dependable 
windings in your equipment. 

Formex* magnet wire is insulated with a polyviny]- 
acetal film that has superior qualities of abrasion 
resistance, flexibility, resistance to heat shock, and 
adhesion of film. These qualities of toughness assure 
that this wire will stand up far better under service 
conditions than any conventional type of enameled 
wire. And this thin, durable, film-type insulation will 
give you far more compact windings than are possible 


with fibrous insulation. 


Deltabeston* magnet wire is designed for un- 
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usually severe operating conditions. It is unsurpassed 
in performance where extreme heat, high humidity, 
grease, oil, or corrosive vapors are present. With asbes- 
tos or glass insulation, it is rated for temperatures up 
to 125 C. When impregnated with silicone varnish — 
up to 180 C. 


Registered Trade-mark General Electric Company 


WRITE FOR BOOKLET 


The newly revised booklet ‘‘General 
Electric Magnet Wire’ will give you 
complete information on the properties 
of these tough-insulated magnet wires, / 
and the necessary data for their 
selection and application. 

Write Section W115-422 
Construction Materials Division, 
General Electric Company, 
Bridgeport 2, Connecticut. 
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TIMER RELAY 


Synchronous motor operates relay for intermittent 
operation of any electrical device. Relay closes once 
or twice per hour for periods selected on adjustable 
dial calibrated in minutes. More frequent intervals 
may be obtained by substituting a simple timing 
disc. Contacts rated at 15 amps. Master switch 
and fuse receptacle. Housed in attractive die cast 
and stamped metal case with hinged door. 





TIME DELAY RELAY 


When coil in energized, 20 ampere contacts are 
immediately closed. The delay action is accom- 
plished by a Telechron motor with a mechanism 
calibrated in 15 second steps, adjustable from 15 
seconds to 5 minutes. Timer contacts are S.P.D.T. 
and rated at 12 amps. INSTANTANEOUS RE- 
CYCLING. 115 VAC coil operation. Dust tight 
Bakelite case. 


Substantial quantities in stock for immediate de- 
livery at considerably less than market prices. 
Huge stocks of relays of practically every type 
maintained for your convenience. Phone your needs 
. . 24 hour delivery! 


TELEPHONE 
SEeley 8-4146 


WRITE FOR NEW 
1954 RELAY SALES 
CATALOG C-5 
JUST OUT! 


/ se 
®ee 
~~ 
——— 


4721 W. MADISON ST. 
DEPT. 2, CHICAGO 44, ILL. 
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Abstract and Comment 





Administration Control in an 
Engineering Department 


Walter S. Mullarky 

Order Handling Administrator 

Vickers Electric Division 

Vickers INc., St. Louis Mo. 
ENGINEERING is founded upon the 
principle that all things should follow 
an orderly and systematic arrange- 
ment. Engineers should therefore be 
among the chief proponents for hav- 
ing the paper work used in the pro- 
cedures of an engineering department 
follow this basic principle. 

There are certain fundamental 
rules of handling paper work that 
apply to any engineering department, 
whether it is large or small. These 
rules can be reduced to three basic 
functions as follows: 1, Centralized 
control, 2, adequate methods of keep- 
ing records, and 3, an efficient follow- 
up system. 


Centralized Control 

Since the typical engineering de- 
partment is generally made up of re- 
search, design, development, and 
product engineering sections, it is 
very desirable to establish another 
section to coordinate their activities. 

With the control section estab- 
lished, the control administrator then 
serves in both a staff and a line func- 
tion under the chief engineer. In his 
staff function, he advises the chief 
engineer of conditions within the 
engineering department on all matters 
except technical problems. In his line 
function, he would be responsible for 
supervising the carrying out of the 
orders issued by the chief engineer 
concerning administrative policy. 

The duties of the control admin- 
istrator are broad in nature. His prime 
purpose is, of course, that of a 
staff assistant, as outlined above. He 
might also serve as office manager 
with administrative control over steno- 
graphic work. Purchasing of all office 
equipment and stationery supplies for 
the engineering department may also 
be among his duties. 

Interviewing and hiring of steno- 
graphic and clerical help may be 
under his supervision. Preliminary 
interview of new engineers would 
serve to relieve the chief engineer and 
his technical assistants. , 

He introduces new employees to 
their immediate supervisors. Follow- 
up interviews would necessarily be 


made in order to determine the em- 
ployees mental attitude towards his 
work and possibly further explain 
his part in the organization. Many 
times, an employee will express his 
wants, his grievances, or his insecur- 
ity to the interviewer more readily 
than to his immediate supervisor. 
The administrator will often de- 
velop a standard practice manual to 
be a valuable aid. It not only estab- 
lishes that certain procedures are 
standard, but it also makes them 
available to all concerned. It is a 
very useful guide to many employees. 


Adequate Records 


There are many systems of filing. 
There may be chronological, alpha- 
betical or numerical files, or any 
combination. The particular method 
used depends upon the results it is ex- 
pected to produce, and the persons 
requiring those results. 

A centralized filing system is suc- 
cessful in many plants. Individual 
filing systems by sections also exist 
for work in progress. When the work 
is completed, the files are “closed 
out” to a central file. 

It is well to have a_ particular 
employee responsible for the files and 
their maintenance. All key employees 
should know of their existence and 
the method of filing in case of ab- 
sence or illness. 

One of the prime requisites of a 
good filing system is its clarity of 
method and availability of informa- 
tion. If some catastrophe wiped out 
the entire engineering staff, the new 
staff should be able to assume the 
position and determine the operation 
after a short study of the files. If 
this is possible, then you have an 
efficient filing system. 


Follow-Up Systems 


Follow-up is a form of control, a 
method of expediting, or more poeti- 
cally, a physical boot in the mental 
britches. It ensures that matters once 
placed in follow-up, will be handled 
at the proper time. 

Follow-up systems, like filing sys- 
tems, are numerous. A typical follow- 
up system may consist of folders 
numbered for each day of the month. 
The secretary places the material 
from the proper folder on the admin- 
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Whether the signal says: 


“WAFFLE IS BAKING”... 
or 


“DANGER AHEAD”... 





delivers the message! 


In visual signal systems, a lens or a color filter is 
called upon to actually deliver the message. It may 
show that a home appliance is in operation, or warn 
motorists or trainmen of danger ahead. Whatever its 
duty, if it is designed and made of glass by Kopp, you 
can be certain of its heat-resistance high quality. 

Kopp engineers have the skill, experience and 
equipment to design and manufacture all types of 
signal lenses, color filters and special glass parts. 
Parts produced by Kopp craftsmen are accurately 
made and dependably uniform. 

We will be glad to study your requirements and to 
develop designs that will meet your most exacting 
requirements. 





Write for 
the new brochure describing the 
design and manufacture of Kopp 
Glass Products. 
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nee tests... Vickers selenium rectifiers are put through 
one of industry’s most rigid and comprehensive quality 
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more reasons why VICKERS 
makes a better rectifier: 


@ Automatic electro forming ‘‘pre-stresses 










cells. 
@ Precision-matched cells prevent overload— 













overheating. 
@ Hydraulic assembly assures mechanical 
strength and dimension. 
@ Rectifiers shock and vibration tested to 
Military Specifications. 











Mickers '«<. 
cutest A UNIT OF THE SPERRY CORPORATION 
Vie 


. vis\O 1803 LOCUST ST. + ST. LOUIS 3, MISSOURI 


306 
































istrator’s 
working day. It may also include a 
card index “tickler” file. 


Flexibility of Control 


¢ 
2 VICKERS ELECTRIC DIVISION | 
a 








desk at the start of each 


With the above systems coordin- 
ated, the job of administration can be 
made easier. However, one of the 
pitfalls to be avoided in administra- 
tion is a static system. 

Organizations, like people, have 
a tendency to grow. If this growth 
is stifled by antiquated systems which 
require overstaffing of personnel, or- 
ganizational dry rot can take root 
and flourish. 

Therefore, the administrator must 
always be open to new ideas. No 
new system is completely perfect 
the first time it is tried and only by 
experimentation will its best possible 
application be proven. The admin- 
istrator who keeps an open mind to 
suggestions and is willing to experi- 
ment with new systems, will avoid 
stagnation of operation and maintain 
flexibility of control. 


Responsibility Versus Authority 


Inasmuch as the administrator is 
charged with the responsibility of 
getting the work done, he must also 
be given the authority to accomplish 
the job. In the delegation of work to 
his assistant, the administrator must 
also delegate the authority to obtain 
the information or material needed 
to complete the assignment. This 
delegation of authority need not be 
a broad sweeping command, but 
only the amount needed for comple- 
tion. If the assistant finds that he 
must exceed his authority, he should 
consult the administrator for per- 
mission. Even though the assistant 
is charged with the responsibility 
of the project, the final responsibil- 
ity of any right or wrong always lies 
with the administrator. 

In conclusion, the worker is no 
better than the tools he uses or 
more aptly, the work is no_ better 
that the application of the tools by 
the worker. The same applies to the 
administrator. Through the proper 
application of the tools of control, 
the productive flow of intelligence 
travels a highway of progress that 
is well marked by the signs of admin- 
istrative ability. OoO0 


Continued Expansion Seen 
By G E President 


Raupu J. Corpiner, president of Gen- 
eral Electric Company, recently urged 
| “gloomy pessimists” of current  busi- 
ness conditions to take a new look at 
the national economy in terms of long- 
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ACTUAL 
SIZE 


ALLIED TYPE XH @ELAY 


ELECTRICAL SPECIFICATIONS: weighs .032 oz. 


has low capacity for 


CONTACTS: Moximum of double pole rated at .25 RF switching 


omperes at. 26.5 volts DC or 115 volts AC resistive 


















COIL: Sensitivity —nominal 1.0 watts, maximum 0.3 
ce watts 

a Resistance—vup to 1500 ohms 

| Voltage—wup ito 40 volts DC 


TEMPERATURE: Minus 60° C to plus 125° C 
: VIBRATION: 10G up to 500 cycles 
SHOCK: 50G plus (operating) 


SPEED OF OPERATION: 1.5 millisecond at 
nominal voltage direct from battery supply 
and | millisecond with series resistance 


ALTITUDE: 70,000 feet or 1.3 inches of mercury 


TERMINAL TYPES: Printed circuit, solder terminals 
and plug-in 


CAPACITY: N. O. contact to case 0.85 mmf 
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ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21,N, 















All Have a Good Word For 
H & V Insulating Papers 





And why not? These in- 
sulating papers have the stamina to withstand severe 
conditions . . . they have HIGH DIELECTRIC 
STRENGTH ...GOOD DRAWING CHARACTERISTICS 
... STRICTLY NEUTRAL PH (for maximum service 
at high temperatures). 


Yes, plus a type of service you can depend on 
by mail, by phone, by personal contact. Let us know 
your requirements for insulating papers for genera- 
tors, transformers, small motors and other electrical 
equipment. 





HOLLINGSWORTH & VOSE COMPANY 


East Walpole, Massachusetts 


Manufacturers of Technical and Industrial Papers 





term growth. Describing as a “fable” 
the depression-born notion of a “ma- 
ture economy” which he said still 
exists in some quarters, Mr. Cordiner 
forecast continuing growth for the 
nation’s economy as a whole. He cited 
as an example the electrical industry 
which he predicted would continue to 
expand at the “astronomical rate of 
doubling itself every ten years.” 

Mr. Cordiner spoke at the 84th 
annual dinner of the Alumni Associa- 
tion of Stevens Institute of Technol- 
ogy in New York, after receiving the 
Stevens Honor Award Medallion for 
his achievements as president of Gen- 
eral Electric. 


Three Growth Factors 


The GE president named_ three 
factors that he said would enable the 
electrical industry to continue expand- 
ing at its present rate: population 
growth, increased use of electrical 
services, and emphasis on _ research 
and development. 

Wider use of electrical appliances 
in the home would account for part 
of this growth, he said, now that im- 
provements in year-round domestic 
air-conditioning systems have made 
the all-electric home _ possible. He 
forecast that appliances like automatic 
dishwashers and garbage _ disposal 
units would one day be as common as 
electric refrigerators. The use of ad- 
ditional electrical equipment in the 
further mechanizing of industrial pro- 
duction also would increase the elec- 
trical industry’s output, Mr. Cordiner 
said, 

Increased utilization of electrical 
equipment by home and _ industry 
would lead to further demands for 
electric power, Mr. Cordiner pointed 
out. The public utilities companies, he 
said, are now making investments in 
new plants and equipment that will 
amount to twenty billion dollars for 
the first ten post-war years. 

This, in turn, has led to demand 
for larger and more efficient power- 
generating equipment. Since World 
War II, the average size of large 
steam turbines has grown from 50,000 
to 125,000 kw. Units twice that size 
are now being built, Mr. Cordiner 
reported, with plans projected for 
units of %-million and 1-million kw 
capacity. To distribute such huge 
blocks of power, new transmission 
equipment also will have to be built. 

Optimism in the continued growth 
of the national economy is strength- 
ened, Mr. Cordiner said, because of 
industry’s increased expenditures for 
research and development. This has 
grown from $350,000,000 a year in 
1940 to $4 billions today. The elec- 
trical manufacturing industry has been 
a leader in this area, GE’s president 
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ONE POUND 


*Trademark 


Keller ‘‘Wire-Wrap”’ Tools produce electrical 
connections that need no soldering 


1 | v ... and this amazing new power tool wraps wire 
WERT Z around a terminal to make a permanent electrical 
A o— connection. Costly hand wrapping and soldering are 
eliminated . . . production goes up while costs go down. 





Hour after hour, this new lightweight “Wire-Wrap” Tool 
makes uniform connections without fatigue to the operator. 
Wire-Wrap connections retain their characteristics under 
severe conditions of corrosion, vibration, or aging. 


For lower costs, fewer rejects, faster production, product 
compactness, and strong, low-resistance connections, investi- 
gate this revolutionary new tool. 


SOLDERLESS WIRE-WRAP CONNECTIONS 


are made by wrapping wire tightly around rectangular 
terminals. Each quarter turn is locked under tension, 
providing a permanent mechanical and electrical bond. 
These clean, high-pressure connections have a contact 





\ f > area greater than the cross section of the wire .. . yet 
I it can be easily removed when desired. Send for Bulletin 
Available in air No. 11 for detailed information. 
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said, spending 6 per cent of its sales 
volume on research and development 
against a national average of 2 per 
cent for all manufacturing industries. 
One result of this has been the growth 
of the electronics industry from a 1936 
| production level of $230,000,000 to 
the current level of $412 billions an- 
| nually. This growth will continue, he 
said, and may reach $20 billions by 
1960. 
Systems of automation for the es- 

tablishment of the automatic factory 

will be one product of electronic re- 

search according to Mr. Cordiner. He 
| also expressed the hope that within 
five years atomic energy would be 
producing “substantial quantities” of 
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designing ? 





a ~~ electric power in addition as a_ by- 
i product of the production of plu- 
.’ When your design specifies coils, get in touch tonium. He predicted further that 
a with us. As coil experts, we co-operate with atomic energy would be used to pro- 
: design engineers to produce prototypes. Use | duce electric power economically long 
oe our 35 years of experience to save time, effort betore the supply of conventional fuels 
: and money. Coto-Coil Company, 63 Pavilion like coal, gas and oil are exhausted. 
Avenue, Providence 5, R. I. New York Office: | 
10 E. 43rd Street, New York 17. | 
PREY) | 
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Cutting Failures in Half 








' 
INCREASED RELIABILITY of critical 
ia electronic weapons and _ substantial 
savings in tax dollars spent for mili- 
tary electronic maintenance—savings 
the NEW amounting to as much as half a bil- 
lion dollars a year—are expected to re- 
Se . sult eventually from recent improve- 
“ i i i 4 ments in electron tubes. In a report 
1 MECHAN CAL ; ee issued on research conducted under 
a on a tri-service military contract admin- 
8 DIFFERENTIAL a istered by the Navy Department, 
= |, Aeronautical Radio, Inc. (ARINC), of 
from ‘ Washington, D. C., states that im- 
proved tubes developed for the mili- 
FORD INSTRUMENT tary services as a result of long-range 
research and development programs 
— are cutting tube failure rates by at 

COMPANY least a half. 
® Operates in working circle of 1.000” max. diameter In a study of stich 45,000 tubes 
® Lost motion does not exceed 12 mins. iz removed a detective from equip- 
® High sensitivity / Se, ments at eight Army, Navy, and Air 
® Stainless steel throughout; resistance to wear and corrosion | ™ rr Force bases, ARINC engineers — 
® Uses Zerol bevel gears. ss. Ge cluded that the removal rate for vari- 
® Weight, with typical end gears, is less than one ounce ous widely-used, unimproved types ot 
receiving tubes ranges from one to 
The %” differential is the latest and smallest addition to three removals per 100 sockets in 
the Ford Instrument line of single spider gear differentials. every 100 hr of operation. The rate 
Engineered to highest military and commercial standards, for improved types is reduced to be- 
this highly reliable unit provides extreme accuracy in addi- WRITE FOR tween one-half and one-quarter that 
tive and subtractive operations, while functioning with FULL DETAILS of their unimproved prototypes. 
minimum friction and backlash. Fully illustrated data ARIA" sowineers ‘nt out that 
shnet gives .gertenn- ARINC g s point ou 

—. 21 ance curves ond char- most of the tubes now employed in 
6 FORD INSTRUMENT COMPANY _ teristics. Please oa: military aircraft were never designed 
31-10 THOMSON AVENUE dress Dept. EM. | or manufactured for that oe 
| LONG ISLAND CITY, N. Y. Multimillion-dolla1 aircraft often de- 
- pend for their safety upon tubes 

manufactured for the highly competi- 
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tive market of home radios—tubes 
with only a narrow margin of safety. 

Maintenance costs on military elec- 
tronic equipment are estimated to be 
at least ten times the cost of the 
original equipment. There are now 
roughly 15,000,000 tubes in operation 
in military equipments, and a Defense 
Department Committee has estimated 
that, for every tube in a socket, there 
are nine more tubes in the supply 
system. 

Superior performance of the im- 


ai ex Mee | proved tube types demonstrates what 





can be accomplished in the way of 
a increasing tube reliability, cutting 
dependability costs, and minimizing the possibility 
that vital military operations may be 

endangered through tube failure. 


Commercial Airline Failures Low 
The report states that the rate of 
| tube failure in military equipments is 
six times that observed in commercial 
aircraft using similar tubes. The rea- 
son for this is that with less compli- 
| cated equipment and relatively stable 
maintenance staffs, the airlines have 
been able to limit tube removals sub- 
| stantially to tube failures of the catas- 
| trophic type that cause equipment 
| failures. 
| 
| 





The military services, on the other 
hand, discard five additional tubes for 
every one that causes equipment fail- 
ure. Two out of every six tubes re 
moved from military equipments ap- 
pear free from defects when tested in 
the laboratory. A third tube shows a 
defect that is probably the result of 
handling during installation or main- 
tenance. Two more are deterioration 
failures which could be detected and 
removed before they caused equip- 
ment malfunction. Only one tube out 
of six fails in a way that would cause 
unpredictable equipment failure. 


Emphasis on Equipment Design 
The removal of good tubes from 
service is believed to be due primarily 
to maintenance practices, necessarily 
performed by personnel of somewhat 
limited technical background The real 
solution lies in equipment design for 
ease of maintenance, so that enlisted 
personnel with limited training may 
satisfactorily operate and service any 
equipment. If full benefits are to be 
derived from the improved tubes, they 
must be utilized in equipments of a 
design consistent with the best prin- 
ciples of tube application and opera- 
ata Vee aon. = | | 
FIXED PAPER When the military services first 
CAPACITORS | started using highly complex elec- 
SINCE 1925 | tronic equipment containing several 
hundred tubes, they were forced to 
| rely upon tubes that had a guarantee 
of only 80 per cent survival in 500 hr. 
The only hope for satisfactory per- 


SOUTHERN AFFILIATE:. 
MICROFARADS, INC. 
WESSON, MISS. , 


, | formance for even a few hours of 
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Design engineers looking for a simple and low 
cost means of interlocking control circuits often 
find their answer in Heinemann circuit breakers. 
Operating on basically a solenoid principle, these 
circuit breakers permit a choice of circuit arrange- 
ments in single pole units or any combination of 
circuits in multiple-pole breakers. One or two coils 
of the circuit breaker can provide overload protec- 
tion while another coil interlocks with a separate 
control circuit. 

The separate control circuit may be energized 
by a “stop” pushbutton, pressure switch, thermo- 
stat or other high-low limit control. Or, the inter- 
locking coil of the circuit breaker may be used for 
overload protection, tripping the circuit breaker 
and opening the main power supply when an over- . L 
load occurs in the interlocked circuit. Thus, a sin- 
gle Heinemann circuit breaker can serve three 
functions: (1) As the power switch, (2) as over- 


load protection, and (3) as the means of control g 3 





interlock. 

By combining several functions in a single 
Heinemann circuit breaker, many manufacturers 
have achieved highly desirable design simplifica- 
tion and better protection for their products . 
at substantially reduced overall costs. 


SERIES TRIP SHUNT TRIP RELAY TRIP 


Y ; | Hei eee ‘lb For any pole of a Heinemann circuit breaker, you 
our loca einemann representative wi c have a choice of circuit arrangement, instantaneous 


pleased to render full engineering assistance . . . or or time delayed operation, response characteristics, 
send for Bulletin 3410. and precise ratings to your requirements. 


HEINEMANN ELECTRIC COMPANY 


99 Plum Street e Trenton 2, N. J. 
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operation lay in the fact that, under 
favorable conditions, the tubes would 
exceed this guaranteed survival by 
several times. The improved tubes are 
developed to reach a goal of 95 per 
cent survival in 1000 hr of operation; 
and even better performance can be 
expected of them under favorable 
conditions. 

In the two years in which ARINC 
has been conducting its surveillance 
program, it has collected over 88,500 
tubes removed as defective by mili- 
tary technicians, and has _ installed 
over 62,000 tubes in controlled tests 
to study their performance. The tubes 
under test include 22 improved tube 
types, as well as their prototypes. 

The military services are now en- 
gaged in long-term improvement pro- 
grams for the development and im- 
provement of more than 30 tube 
types. When available in sufficient 
quantity, these types will be usable 
in a total socket population in“excess 
of two-thirds of all sockets in present- 
day military equipment. 

Many of the improved tubes em- 
body such principles as: limitation of 
dissipation; limitation of operating 
temperatures to values giving long- 


JUST THREE EXAMPLES OF PzS ENGINEERING 
AND MANUFACTURING SKILL 


STANDARDIZE ON-<QQg3> 


for Dependable, 
Long Life Operation—Quick, Easy Wiring 








Pas 
SUPER A.C. SWITCHES 


Maximum Service — Quiet Operation — 
Extra Long Life. Rated 15 and 20 
Amperes, 120 Volts A.C., 277 Volts A.C. 
For use at full rated capacity on fluores- 
cent and incandescent loads—up to 277 
Volts at 80% of current rating of switch 
on motor loads. 











PASS & SEYMOUR, INC. 





P&S Turnlok Line 


Just turn the cap and it’s locked, securely 
and safely. Sturdily constructed — De- 
signed for easy wiring—Ampere rating 
plainly visible on modern face design. 
Connectors, receptacles and caps avail- 
able in 10 and 20 Amperes—2, 3, and 4- 
Wire types. 


PzS Polarized Devices 


Built sturdier with extra thick bodies and 
extra heavy metal parts — to withstand 
rough usage over a long period of time. 
Designed for wiring ease. A complete 
line of 10 and 20 Ampere, 2, 3, and 4-wire 
connectors, receptacles and caps. 





These are just a part of the P&S Line. Send for Catalog No. 49 for 
complete information. If you have a special requirement for elec- 
trical wiring devices, write us. Our sixty years of experience in the 
manufacture of electrical products will prove helpful. 


Dept. EM 


Offices: 71 Murray Street, New York 7, N. Y. 
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SYRACUSE 9, N.Y. 


est life through reduction in cathode 
poisoning, interface formation, and 
leakage produced by evaporation; and 
control of parts dimensions and proc- 
essing in a way that limits to a 
minimum the tube failures due to 
faulty workmanship. 


Major Findings 
Major findings in the ARINC anal- 


ysis are as follows: 

Type 6AK5 ranks first in the list of 
tubes investigated, largely due to its 
high socket population. Its 
weakness is in the heater which is 
designed for operation at tempera- 


major 


tures that are too high, especially if 
the tube type is used in series heater 
string operation. This defect is shown 
to have been corrected in the im- 
proved types. 

Type 6]6 shows large failure re- 
turns from a few sockets, and low re- 
turns from many other sockets. This 
is attributed to the fact that the rat- 
ings of this type are somewhat high; 
and in applications where the tube is 
used to maximum ratings, the returns 
may increase. Other defects appear to 
be a result of the rather unconven- 
tional design of this type, which is 
retained in two of the improved ver- 
sions, types 6099 and 6101. A third 
version, type 6045, has a radically new 
design. 

Type 12AU7 is shown to have no 
apparent weaknesses and to operate 
better than two separate triodes, in- 
dicating that from the standpoint of 
reliability, a double triode may be 
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TRICKY DESIGNS ARE EVERYDAY PROBLEMS 
FOR MORAINES METAL POWDER PROCESS 


This part would be a rea/ problem to one press operation. Here’s proof of what 
make economically by conventional cast- 
ing and machining methods. At Moraine 
it's made from metal powder—easily, in 


can be done through close cooperation 
between Moraine and customer. 


quantity, every day —to precision stand- The contributions of Moraine’s metal 

ards—with important savings in cost! powder process to industry are growing 

The background print shows clearly the day by day. Complex designs like this 

intricacies and the close tolerances are being produced by Moraine with 
demanded by this part. Yet at Moraine great performance-improving, .cost- 
| it is produced completely finished after cutting results for many customers. 


moraine Sod 
products aN Si 


DIVISION OF GENERAL MOTORS CORPORATION, DAYTON, OHIO 
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MICAMOLD'S MOTORLYTICS are 
especially designed for AC capacitor 
motor starting applications, with duty 
cycles not exceeding 20 starts per hour, 
frequencies up to 60 cps, each starting 
period lasting 3 seconds, max. 
Ambient temperatures from —20°C 

to 65°C. Altitudes up to 6000 feet 

will not affect performance 

of these capacitors. 


MICAMOLD 


Motorlytic 


(ypaciloes 


MICAMOLD MOTORLYTICS are available in either 
molded plastic (Type 953) or metal cases 

(Type 954). Type 953 is available with end cap 
and mounting bracket. The 954 type is also 
available with outer cardboard tube, end caps 
and mounting bracket, when required. In 
addition Motorlytic units are recommended for 
any intermittent type duty within specified 
voltage rating, temperature limits and 
starting periods, 


Engineering Bulletin 109 giving complete 


specifications, available upon request. 


30 YEARS OF CAPACITOR EXPERIENCE 


Devo MICAMOLD 

RADIO CORPORATION 

1087 FLUSHING AVE., BROOKLYN 37, N. Y. 
MICAMOLD manufactures all types of Paper, Electrolytic and Mica Capacitors, 
Radio Frequency Interference Filters, Pulse Networks and Delay Lines. 





316 











superior to two individual triodes, 
Considerable degradation due to inter- 
face formation occurs in this type, 
probably due to the peculiar applica- 
tions of double triodes. 

Type 6AQ5. It is concluded that 
the power rating of the 6AQ5 is too 
high, and that no real improvement 
can be effected unless hard glass is 
used for its bulb. 

Type 6AR6 is shown to have high 
removal rates when its bulb tempera- 
ture rating is exceeded. Its improved 
counterpart shows good reliability in 
correct applications. 

Type 6SN7 shows the need for re- 
duction of interface formation. Type 
12AT7 shows the same need, and also 
heater weaknesses and leakage trou- 
ble. Leakage is also encountered in 
types 2C51 and 6]4. In the 6J4, it is 
of a particularly severe nature be- 
cause the leakage path results from 
metallic deposit on the smooth glass 
surface of the stem. 


Evaluation of Tube Weaknesses 

Tube failures are divided into two 
general groups: (1) deterioration fail- 
ures due to gradual degradation of 
characteristics and (2) catastrophic 
failures, or sudden major changes in 
the physical structure of the tubes. 
With reference to deterioration fail- 
ures, there is a discussion in the re- 
port of loss of emission properties, 
the formation of interface layer on the 
cathode surface, the gradual sublima- 
tion of metal on insulating surfaces, 
and the effect of continuous vibration. 
It is shown that high operating tem- 
perature, whether in the cathode or 
in the tube as a whole, is the major 
cause of early deterioration of char- 
acteristics. 

Causes of catastrophic failures are 
discussed, including gas discharge, 
glass strains, and shorts and open ele- 
ments in the tube structure. These last 
defects are shown to consist largely of 
defects in the heater. There is no uni- 
formity in the design of heaters for 
minimum operating temperature and 
maximum reliability. It is pointed out 
that this is a major requirement for 
tubes operated in series parallel strings 
out of a 27.5-volt aircraft supply. 

The great importance of catas- 
trophic failures as compared with de- 
terioration failures lies in the fact that 
these are the tube failures that can 
produce sudden and_ unpredictable 
malfunction of properly designed 
equipments. At present, only one out 
of every six tubes collected appears 
to have failed catastrophically. 


Other Factors 


Causes of tube unreliability other 
than those inherent in the tube con- 
struction are divided into three 
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Because it can 
withstand high f 
manufacturing ; 
and operating s 
temperatures, : 
Warrenite Teflon 2 
Hook-up and ; 
Lead Wire is 

used extensively 

in guided missiles, 
ordnance, aircraft, 
marine and 

Signal Corps 

electric and electronic 
equipment and 
installations. 


*Send for our new prices and Brochure 


WARREN WIRE COMPANY 


Plant and Main Office: | 


NEW YORK + SYRACUSE * NEW HAVEN 


“Office and Warehouse 
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POWNAL, VERMONT 


PHILADELPHIA ¢ PITTSBURGH * CINCINNATI 
CLEVELAND* + DETROIT + CHICAGO* * ST. LOUIS* + ST. PAUL * LOS ANGELES* * SAN FRANCISCO 


Manufacturers of Plain Enamel, Nylonel, Formvar, 


yw 


y 
¥ 
i 


CHECK THESE POINTS 


(-100°C to 250°C) , Good Space Factor , Impervious to all 


Class H Insulation 


solvents and acids 4 Excellent Flexibility (can be wound 


on its own diameter) » Very low water absorption 


/ 


| ed, Teflon impregnated glass tape or braid. \ 





naa TT) 

© Problems. 
Nyform, Bondvar, Silicone and Teflon °f Course 

Magnet Wire . .. Teflon Hook-up and ena ts he marten tcl wether seriel oe ancl baton 


Obligation 


®DuPont 
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Light ‘‘piped”’ throughout entire 





of long plastic lens assures 
_ easy visibility of signal from all sides. 


Smaller, truly submin- 
iature size 


Larger illuminated area... 
smaller physical size 


Smaller than most subminiature lamps, 
yet with uniformly bright wide-angle vis- 
ibility, Hetherington L6000 Series make 
ideal indicator or warning lights for criti- 
cal military as well as many commercial 
applications. Using AN-3140 lamps fitted 
into a heavy plastic lens °%4” long, these 
sige ments are 1149” overall,and mount 
in a 142” hole. Details in Bulletin L2. 


Fully illuminated lens 
is clearly visible from 
any angle 


For either standard or 
edge-lit panels 


Designed to meet crit- 
ical aviation perform- 
ance standards 





“Standard” Hetherington Lights Fill Most “Special” Requirements 
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EDGE-LIT PANEL MOUNTING Series L2000 

. for MIL-P-7788 panels. Sturdily 
constructed of nickel-plated brass 
with integral molded-in terminal and 
snug-fitting plastic lens that will not 
vibrate loose. Easy to mount. Write 
for Hetherington Bulletin L1. 


REGULAR PANEL MOUNTING Series L1000 


Combines exceptionally small size and 
light weight with durable vibration- 
resistant construction. Sealed against 
moisture. Terminal is molded into the 
assembly. Ask for Bulletin L1. 





"“PUSH-TO-TEST’ INDICATORS 
Ideal for many military as well as 
industrial uses. Bulb is lit by pressing 
spring-mounted lens button. Supplied 
with or without silicone boot for 
moisture protection. Send for Heth- 
erington Bulletin L1. 


Series L3000 SWITCHES WITH BUILT-IN LIGHTS... 


Developed originally by Hetherington 
as hostess call lights, these compact 
little units are now available for a 
broad range of exacting commercial 
or military aircraft services. Write for 
Hetherington Catalog. 


HETHERINGT ON 


SHARON HILL, 


8568 W. ca Blvd. 
Culver City, California 


West Coast Division: 


Indicator lights ® Switch-indicator light combinations ° 


Push-button, 


snap action, and toggle switches ° Aircraft and 


Electrical Equipment Assemblies. 


“Hi-G" Relays * 


Fe 





those 
due 


classes: 
those 


due to environment, 
to operating procedures 
and those due to equipment design. 
Among the environmental factors 
cited are high ambient temperature, 
lack of proper cooling, vibration and 
shock, and abnormal voltage supply. 
Operating procedures responsible for 
reduced tube life are: (1) the 
tion of chassis in standby 
with only the 
ing interface formation, 
tuning and poor 
mitting tubes 


opera- 
condition 

thus induc- 
and (2) 


heater on, 
mis- 
operation of trans- 
and magnetrons. 
Several examples of tube misappli- 
cation are cited, among them the use 
of several rectifiers in parallel without 


a balancing resistor to even up the 
load; the use of short-lived tubes, 
built for special purpose, in equip- 


which tube-characteristic 
stability is critical and long-life opera- 
tion is expected; and the use of spe- 
cially selected tubes from a popula- 
tion of low quality types to operate 
highly critical circuits such as that for 
the amplifier of a servomotor. It is 
pointed out, however, that misapplica- 
tions of this kind are 
ous because they 


ment in 


not very danger- 
are easily detectable. 
More dangerous is the widespread 
of methods that inflict only slight 
the 
above their max- 
other tubes 

work at 
the tubes 
not designed for the particular func- 
tion, like a pentode in a triode con- 
nection or a triode as a diode; and 
the use of several tubes in parallel to 
avoid the use of a larger tube. A large 
number of these slight misapplications 
may well decrease the reliability of 
an equipment more than a 
severe misapplication. 


use 
hardship on tubes, such as 
of tubes at or slightly 
imum ratings when 
available to the 


conservative ratings; 


use 


are 
do more 


LIS¢ ot 


single, 


Conclusions and Recommendations 

A removal for all receiving 
tubes ranging from to three re- 
movals per 100 sockets per 100 hr of 
operation is estimated; 
that the for improved types is 
reduced to between one-halt 


rate 


one 


and it is noted 
rate 


and One- 


quarter that of their prototypes. The 
actual improvement may be greater, 
but is masked by maintenance. A rate 
of 0.3 removals per LOO sockets pel 


100 hr has been 
cial airline 


attained in commer- 
equipment. 

Requirements in equipment design 
re for greater simplicity in operating 
procedures and fundamental changes 
in design giving primary consideration 
to methods of detecting and correcting 
malfunctions, that 
sonnel with six months’ 


sO enlisted per- 


training may 


successfully operate and service any 
equipment. 
Requirements in tube design are for 


limitation of dissipation; limitation of 
operating temperatures to values giv- 
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TAYLOR Commercial Grade Vulcanized Fibre 


is tough, lightweight, abrasion resistant . . . 

excellent for bending, punching, stamping and forming... 
resistant to organic solvents, oil and gasoline . . . 

has excellent electrical characteristics. 


Want to make something of it ? 


Make it into insulating plates, upset washers, arc barriers, 
terminal blocks, switch and appliance insulation, cases, 
face plates for golf clubs . . . or any other electrical 

or mechanical component that can benefit from the unique 
properties of this versatile material. 


Make it in red, gray, black, or special colors. 


Make it from sheets or rolls with these specifications: 


SPECIFICATIONS 
Thickness 
Range: .005” to 1” 
Finish: Pressed and 
calendered 


Punching: To 3/16” thick 
Sheet Size: 56” x 90” 


Roll Width: 56” for thicknesses of 
.005” through .060”. 
Coils to 3/16” for thick- 
nesses of .005” through 


PROPERTIES 
Mechanical 
Flexural Strength 
(Lengthwise) 14000 psi min. 
(Crosswise) 12000 psi min. 


Tensile Strength 
(Lengthwise) 7500 psi min. 
(Crosswise) 5500 psi min. 


Compressive Strength 
(Flatwise) 20000 psi min. 


Izod Impact Strength 
(Lengthwise) 3.5 Ft.-Lbs./inch 
(Crosswise) 2.9 Ft.-Lbs./inch 


Electrical 
Dielectric Strength 
(1/32” thick) 250 min. 


Short Time Test 
(1/8” thick) 175 min. 


Arc resistance, 
seconds 100 


Make it from turned rods. Diameters from 1 8” to 1” with 
ground or buffed finish. 


Make it easy for yourself when you’re buying vulcanized fibre. 
Call your Taylor engineer . . . he will be glad to work with you. . 
help select the correct grades to fit your needs 

—Commercial, Bone, Super White, Abrasive and Built-up. 

Also ask him for samples of Taylor Laminated Plastics . . . 
Phenol, Silicone and Melamine Laminates . . . 

suited for a variety of your product requirements. 


Taylor Fibre Company, Norristown, Pennsylvania — La Verne, Calif. 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


319 











YOU CAN’T AFFORD TO 


LU 


ON 
WIRING 


Flay Sate 
Protect Your Product’s Reputation 
with UNILECTRIC WIRING SYSTEMS 


Year atter year .. . for over ten years 

. UNILECTRIC has produced millions 
of wiring systems, for more than 150 
leading manufacturers of electric and elec- 
tronic products. They meet the most exact- 
ing requirements and provide substantial 
savings to each customer. 


r 


There is Only ONE : : 


| UNILECTRIC. 


This intricate wir. 
Ing harness for a 
fet auto pilot must 
meet the most 
rigid specifica. 
tions. A pilot's 
life and perhops a 
major battle de- 
pend on it. 


The same work. 
manship . . . the 
same standards of 
quality protect 
your product wir- 
ing and your pro- 
duct’s reputation 
for dependability. 


eS 


Make the 
UNILECTRIC 
Orta 
Standard 
OU MES relia. 


To assure utmost 
dependability plus 
cost saving engi- 
neering assistance, 
low-cost. produc- 
tion, and ‘‘on- 
schedule deliv- 
ery’’, investigote 
UNILECTRIC todey. 


Investigate UNILECTRIC Today! 


SUILELCTRIL 


ML CLT, SYSTEMS 


ak tured by 


UNITED MANUFACTURING & SERVICE CO 


. teed ad 


cathode 


ing longest life through reduction in 


tion, and leakage produced by evapo- 


ration; and control of parts dimensions | 
and processing in a way that limits | 


to a minimum the tube failures due 
to faulty workmanship. JO | 


Interested readers may obtain a copy 
of this report by writing to L. E. Davis, 
Aeronautical Radio, Inc., 1523 L Street, 
N.W., Washington 5, D. C. and asking 
for General Report No. 1, “Investigation 
of Electron Tube Reliability in Military 
Applications.” The cost is 50c. 


Engineer Starting Salaries 
Still on the Rise 


AVERAGE starting salaries of January 


engineering graduates at Illinois Insti- | 
Chicago, reached | 
in all-time high of $373 per month | 
an increase of $32 over a | 
year ago and $11 more than last June. | 
The figures are for students receiving | 
and planning to | 


tute of Technology, 


this year 


a bachelor’s degree 
work a 40-hour week. 


Chemical engineering graduates re- | 


ceived the most lucrative starting sal- 


aries, with an average of $394, com- | 


pared to the January, 1953, figure of 


$327. Other engineering fields and the | 


comparative average salaries received 


by mid-year graduates follow, with 


the 1953 figures in parenthesis: civil, 


$388 ($353); mechanical, $370 ($353); 


electrical, $367 ($345), and industrial, 
$350 ($356). 


Averages, based on salaries of com- | 
bined June and mid-year graduating | 
1949, | 


classes, in recent years follow: 
$282; 1950, $258; 1951, $295; 1952, 
$328, and 1953, $362. 

Average 
Tech engineering graduates is above 
the national average because many 
IIT students have working experience 
prior to graduation, a large number 


on the cooperative work-study plan. | 
oog| 


Replacement for 

Nickel Silver 

NEW BOOKLET recently issued by the 
Tin Research Institute 
print of a paper originally published 
in the Journal of the Institute of 
Metals, “The Structure and Mechan- 
ical Properties of Copper-Manganese- 
Tin Alloys.” 


new alloys which may be 


includes a re- 


It describes a range of 
useful in 
nickel 


demand 


the fields hitherto served by 
silver. The alloys meet the 
for a white metal with good mechan- 


poisoning, interface forma- | 


starting pay for Illinois | 


ELECTRICAL 


RF LEAKAGE 


ON THE 
DRAWING BOARD 


- » WHEN YOU DESIGN METEX ELECTRONIC 
WEATHERSTRIPPING INTO YOUR EQUIPMENT 
YOU GET ITS POSITIVE SHIELDING EFFECTIVENESS 
— AT MAXIMUM OVERALL ECONOMY 


Plan now to take full advantage of 
Metex Electronic Weatherstripping’s 
unusual effectiveness in shielding all 
types of electronic equipment. Because 
it is made of knitted wire mesh, Metex 
Electronic Weatherstripping is both 
conductive and resilient. It assures 
positive metal-to-metal contact be- 
tween all mating surfaces. And being 
resilient it accommodates itself posi- 
tively to surface inequalities. 

In reality, Metex Electronic Weather- 
stripping can do more for you than 
just shield RF leakage. It can cut the 
cost of machining mating surfaces to 
close tolerances. It can eliminate the 
need for extra fasteners and many 


other costly means of making joints 
RF tight. 


Applications in which Metex Electronic 
Weatherstripping has already proved 
its effectiveness include pulse modu- 
lator shields, wave-guide choke-flange 
gaskets, local oscillators on TV sets, 
dielectric heaters, etc. 


For detailed 
information on 
METEX 
ELECTRONIC 
PRODUCTS, write 
for FREE copy of 
**Metex Electronic 
Weatherstrips”’ 

or outline your 
SPECIFIC shielding 
problem — it will 
receive our 
immediate attention. 
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Shaft extension 
bearing construction 


used in new L.A. open, drip-proof 
motors. Note the Louis Allis bear- 
es ee a ea 
ee me er 
race to cap, inner 
race to shaft. 
c 
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We specialize in 
SPECIAL MOTORS and 
PROMPT DELIVERY, TOO 


NEMA D-flange motor 
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Here's another reason Py 


the NEW L.A. Line 


by the Louis Allis Co. 


és your BEST 


electric motor BUY 













CON at 


with NEW 
BEARING 


plus 


New modern styling 


>. More compact design 
New conduit box arrangement 
Improved ventilation and better protection 
More versatile mounting 


ERE’S the locked bearing con- 

struction that makes the new 
L.A. motors even better—gives them 
extra life, extra dependability. It 
positions the rotor . . . limits shaft 
. gives you ample V-belt 
drive capacity. You get factory pre- 


end-play .. 


lubrication, too, with a new, im- 
proved grease-retaining system that 
saves servicing and maintenance — 
for years of attention-free operation 
under most conditions. 


That's not all! You get standard 


bearings in every unit — sizes spe- 
cially selected to be easily obtainable 
from local stocks. And there's no 
need to tear the-motor down to get 
bearing numbers — they're stamped 


right on the new motor nameplate. 


Add this modern, dependable 
bearing construction to all the other 
features and you see why the L.A. 
line is your best motor buy. Get the 
complete story from your nearby 
Louis Allis Sales Engineer. 


Bigs 
( a" | THE LOUIS ALLIS CO. 


MILWAUKEE 7, WISCONSIN 
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Du Mont "Multi-Scanners” guarantee 
finest TV film reproduction ... a 
product of the Television Transmitter 
Division, Allen B,. Du Mont Labora- 
tories, Inc. 








These GTC 
Transformers 
are used in 
Du Mont 
“Multi- 

Scanners” 


Du Mont, to maintain leadership in television 
scanner production and development, specifies 
only the finest parts — including GTC trans- 
formers. 


Your products undoubtedly necessitate the use 
of the finest transformers for standard as well as 
unusual applications... why not specify GTC? 


We invite your inquiries 


GENERAL TRANSFORMER COMPANY 


serving industry since 1928 


18240 Harwood Avenue, Homewood, Illinois 
(Suburb of Chicago) 
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ical properties at a competitive cost. 
It can readily be cast, forged, rolled, 
stamped, etc., and has an adequate 
resistance to corrosion. It is satisfac- 
tory as a basis metal for the usual 
plating finishes used in industry. 

The publication gives detailed in- 
formation on the properties of a wide 
range of compositions and indicates 
how compositions and methods of 
treatment may be varied to give 
strength, color or deformability, as 
may be required. Of special interest 
is the fact that the new copper-man- 
ganese-tin alloys may effect a useful 
economy in nickel during the present 
scarcity, but field trials suggest that 
they may make a permanent addi- 
tion to the cooper-base alloys used in 
industry. 

Copies of this paper may be ob- 
tained without charge from the Tin 
Research Institute, Inc., 492 West 
Sixth Avenue, Columbus 1, Ohio. 
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Electromagnetic 


Delay Lines 
H. G. Nordlin 


Federal Telecommunication Laboratory 


Nutley, N. J. 


Two BASIC KINDS of devices are used 
for providing known amounts of 
phase-shift or time delay of electrical 
signals. With supersonic delay de- 
vices, time delays from several micro- 
sec to several millisec can be 
achieved. Their efficiency is, how- 
ever, greatest for large time delays 
because of the large fixed insertion 
loss of the electrical-mechanical trans- 
ducers. For time delays of a fraction 
of a microsec to about 10 microsec, 
electrical delay devices are generally 
preferred because they do not have 
fixed insertion losses and the attenu- 
ation for a given design is propor- 
tional to amount of time delay. In 
addition, the electrical delay devices 
are comparatively free of sensitivity 
to mechanical shock and changes in 
temperature which often give trouble 
in the supersonic delay devices. 

An ideal delay line would be one 
in which the shift in phase from input 
to output is proportional to frequency 
and in which the voltage attenuation 
is a constant for all frequencies of 
interest. Any input wave, provided 
it has no components outside of the 
prescribed range, would be trans- 
mitted to the output of this device 
without distortion These ideal condi- 
tions cannot be realized in practice 
and deviations from them are there- 
fore a measure of the fidelity of a 
delay line. 

Electrical delay lines in present use 
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provide maximum energy... minimum weight 


No matter what your permanent magnet application may be — gal- 
vanometer, speedometer, television or telephone — you'll find that 
Crucible alnico magnets have a consistently higher energy product. 
This means more energy from a smaller magnet. 

Since alnico alloys were first developed, Crucible has been a 
leading producer of this superior type of permanent magnet. And 
Crucible alnico permanent magnets are made by the nation’s fore- 
most specialty steelmaker. 


For alnico magnets that are unsurpassed in quality — call Crucible. 


re, Join your 


ae \ cet OI 


pier” 


PY - [oRuCIBLE] first name in special purpose steels 


SA. years of Fine steelmaking  ALNICO PERMANENT MAGNETS 


CRUCIBLE STEEL COMPANY OF oe GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL «+ REZISTAL STAINLESS + ALLOY * MAX-EL + SPECIAL PURPOSE STEELS 
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The two-part fastener at left was used to hold the louvres in 


a line of fluorescent lighting fixtures. The cost of this fastener 


was high — $35.00 per thousand — and the customer was 


left with the time-consuming job of mounting the louvres 


when the fixture was installed. 


The single Cotp ForMep part at right now replaces the 


two-part machined fastener — costs only $7.50 per thousand 


— and enables the manufacturer to ship the fixture com- 


pletely assembled, with every louvre already in place! 


The dollar savings have already mounted into the thousands. 


The gain in customer good-will is priceless! 


How many thousands of dollars can COLD-FORMING save you? 


THE 


t 


ILFORD RIVET & MACHINE CO. 





MILFORD 
CONN. 
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Savings like this aren’t at all 
unusual. Milford’s Coto Form- 
inc methods are making equally 
substantial savings for manu- 
facturers throughout American 
industry .. . 


Because Cold Formed Parts Cut Costs: 
1) They’re formed from wire 
stock without waste or scrap! 


2) They’re produced on high 
speed automatic equipment! 
3) They’re frequently designed 
for high speed automatic or 
semi-automatic application! 
Thanks to long experience in 


Coto Forminc, Milford engi- 
neers, designers and product re- 
search experts are ready and 
able to help you cut small-parts 
costs substantially. They bring 
to your service Milford’s leader- 
ship and know-how in the 
manufacture of semi-tubular, 
tubular and special rivets, as 
well as automatic rivet-setting 
machines. 


So put us to work for you. Do 
it before, not after, your design 
is frozen. Chances are we can 
help you effect some major sav- 
ings—both in time and money! 


Write or phone nearest Milford Plant or Sales Representative! 


ELYRIA 
OHIO 


NORWALK 
CALIF. 





HATBORO 
PENNA. 


AURORA 
ILLINOIS 
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are of two types, lumped-parameter 
and distributed-parameter. Both are 
composed, in a four terminal network, 
of series inductance and parallel ca- 
pacitance. Resistance and dielectric 
dissipation are inherent properties of 
the inductance and capacitance, re- 
spectively. The simplest type of 
lumped parameter delay line is the 
constant-k low pass filter, Fig. 1. This 


FIG. 1 


delay line exhibits a time delay char- 
acteristic that begins to increase with 
frequency about a decade below the 
cut-off frequency, which is directly 
proportional to the number of T- 
sections in a line of a given time 
delay and impedance. The variation 
of time delay may be decreased or 
even reversed in direction below the 
cut-off frequency by causing the ad- 
jacent inductance sections to be mu- 
tually coupled to an increasing de- 
gree. 

If the number of sections in the 
low-pass constant-k delay line is in- 
creased without limit, a line is ob- 
tained in which the parameters of 
inductance and capacitance are dis- 
tributed uniformly between the input 
and output terminals. This resulting 
distributed-parameter delay line does 
not exhibit the sharp cut-off found 
with the lumped-constant devices. 
The cut-off is approached slowly with 
increasing frequency and is evidenced 
by a discrimination against the higher 
frequency components of a transmit- 
ted wave. In general, distributed para- 
meter delay lines can be designed to 
have a greater useful bandwidth than 
lumped parameter lines of equivalent 
size and time delay. 

In Fig. 2 is shown a distributed- 
parameter delay cable. It consists of 
a flexible inner core over which the 





Corrier 4 
Core’ 
Inner cond’ 
Dielectric’ 
Outer cond’ ; 
Jocket 
FIG. 2 


inner conductor is wound in the form 
of a closely spaced single-layer sol- 
enoid of insulated wire; a dielectric 
layer which may be extruded or 
formed with a tape; an outer con- 
ductor which may be either a braid 
or a serving of insulated or bare cop- 
per wire; and a _ vinyl-type jacket 
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Teflon is probably the most important development of 
@ the Age of Plastics— its possibilities look endless. Parts 
; made from it are accomplishing things long considered 


impossible by engineers in the electronics and electrical 





manufacturing fields. 


If you have a problem to be solved, the chances are that 
R/M, with its unmatched skill, experience and facilities, 


gives you the plus can solve it. We approach every challenge with the view 


that nothing is impossible until proved otherwise. 


; s You can rely on R/M for three things: dependable source 
of RIM S unmatched skill for Teflon rods, tubes, sheets or tape; fabrication of Teflon 
? parts to your specifications; collaboration in the search for 

new uses to which this remarkable product can be put. 


e epe,e 
experience facilities Teflon Properties: High resistance to acids and gases even at 
7 


high temperatures * Moisture absorption zero * Unaffected by 
weather ¢ Excellent heat stability up to 5O00°F. in continuous 
operation * As tape, leaves no carbon residue along discharge 
path ¢ High impact resistance * Nonadhesive * Stretches easily 
*Du Pont’s trade-mark for its tetrafluoroethylene resin Tensile strength 1500-2500 psi 


RAY BESTOS-MANHATTAN, INC. 
ASBESTOS TEXTILE DIVISION * MANHEIM, PA. 


FACTORIES: Manheim, Pa. * No. Charleston, S.C. * Passaic, N.J. * Neenah, Wis. ¢ Crawfordsville, ind. « Peterborough, Ontario, Canada . 


RAYBESTOS-MANHATTAN, INC., Asbestos Textiles « Packings « Brake Linings « Brake Blocks e Clutch Facings ¢ Fan Belts » Radiator Hose 
Rubber Covered Equipment e Industrial Rubber, Engineered Plastic, and Sintered Metal Products ¢ Abrasive and Diamond Wheels 
Bowling Balls 
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a special message 
for manufacturers of 
automotive equipment 





need a finish for low cost specify 


corrosion protection or © 
showroom sparkle? Giri 





Whether you’re finishing non-ferrous parts for high corrosion 
protection, paint base, or for showroom sales appeal, you can 
be sure of low material and production costs and peak perform- 
ance when you specify Iridite. Here’s what you can do with 
Iridite: 
ON ZINC AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or ciyilian specifications and 
ranging in appearance from olive drab through sparkling 
bright and dyed colors. 


ON COPPER... Iridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 

ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. Process in 
bulk. 


ON MAGNESIUM Iridite provides a highly protective film in 
deepening shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by 
dip, brush or spray. No electrolysis. No special equipment. No 
exhausts. No specially trained operators. Single dip for basic 
coatings. Double dip for dye colors. The protective Iridite 
coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete 
data. Write direct or call in your Iridite Field Engineer. He's listed under 
“Plating Supplies” in your classified telephone book. 


Iridite is approved under government specifications 


ae 


INCORPORATED 
4004.06 E. MONUMENT STREET e BALTIMORE 5,MD 





Manufacturers of Iridite Finishes for Corrosion Protection and Paint 
Systems on Non-Ferrous Metals, ARP Plating Chemicals. 
WEST COAST LICENSEE: L. H. Butcher Co. 
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which acts to prevent loosening of 
the outer conductor and also as a 
protection against physical damage 
and moisture. An outstanding advan- 
tage of the distributed parameter 
delay cable lies in the fact that a 
required amount of time delay can 
be obtained merely by cutting off a 
piece of cable of the proper length. 
This avoids the necessity, as is the 
case with lumped-parameter delay 
lines, of designing a different unit 
for each requirement. 


Delay Cables 


Two wide-band delay cables, havy- 
ing a high degree of precision and 
uniformity and with sufficient rugged- 
ness to permit military field usage, are 
indicative of current progress in this 
field. Type A has a nominal time 
delay of 0.2 microsec per ft and a 
characteristic impedance of 1000 
ohms and Type B has a time delay of 
0.1 microsec per ft and an impedance 
of 250 ohms. For a higher time delay 
or a lower characteristic impedance, 
the cable capacitance must be _ in- 
creased. In the distributed parameter 
delay cable, the capacitance is in- 
creased by reducing the thickness of 
the dielectric layer or the spacing be- 
tween the inner and outer conduc- 
tors. This created certain problems 
in the development of the Type A 
and Type B cables. The first of these 
concerned the critical nature of the 
cable dimensions. Variations of 
+0.005 in., normally encountered in 
the extrusion of the inner cable core, 
produced variations in time delay 
which were large by the standards 
set for these cables. This difficulty 
was overcome by employing a method 
of trimming the core after extrusion 
which reduced variations in the inner 
core to +0.001 in. It was necessary 
to hold the thickness of the dielectric 
to a close tolerance also. 

In the Type A cable, the dielectric 
thickness is 0.017 in. It was found 
that this dimension could be held to 
+0.001 in. by extrusion through a 
tubing-type tip and die, with the air 
pressure reduced in the extruder head. 
In the case of the Type B delay 
cable, the dielectric layer is 0.005 in. 
in thickness. Dimensional accuracy 
was obtained by using a_ precisely 
made 0.0025-in. thick polyethylene 
tape which was wrapped on with a 
50 per cent overlap and then fused 
to prevent unwrapping or loosening. 

The second difficulty associated 
with the high capacitance and the 
necessary close spacing between the 
inner and outer conductors concerns 
the effects upon the inductance and 
attenuation of the delay cable. Orig- 
inal samples were made using an 
outer conductor composed of braided 
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bare copper wires. It was found that 
by replacing the outer conductor with 
a braid composed of insulated wires, 
the attenuation of the cable was 
reduced by a factor of two or three 
due partially to a reduction of proxi- 
mity effect losses of a somewhat 
obscure nature and partly to the 
elimination of a closed current path 
around the solenoidal inner conduc- 
tor which permitted the use of a 
larger size wire for the inner con- 
ductor. 

The magnetic properties of plas- 
tic compounds containing powdered 
ferrite materials have been investi- 
gated with a view toward obtaining 
a lower attenuation per unit of time 
delay. It was found that the losses 
introduced by the magnetic com- 
pound would over-shadow the reduc- 
tion in conductor losses at frequencies 
above about 10 mec, but that a con- 
siderable improvement in efficiency 
could result below 10 mc. We are 
presently engaged in the develop- 
ment of a distributed parameter delay 
cable utilizing the desirable proper- 
ties of ferrites. The objective is a 
cable of high quality having a mini- 
mum nominal time delay of one 
micro-second per foot length, low at- 
tenuation, and minimum amplitude 
and phase distortion in the frequency 
range up to 10 me. 

In Fig. 3, curves of time delay 
and attenuation as a function of 
frequency are plotted for an experi- 
mental delay cable having a nominal 
characteristic impedance of 3300 
ohms. This cable demonstrates the 
possibility of obtaining a very high 
concentration of signal delay in a 
delay cable. In this case the time 
delay at frequencies below one mc 
is 1.4 microsec per ft of cable as 
compared to 0.6 microsec per ft for 
the most concentrated commercially 
available delay cable, This high time 
delay is, however, obtained with a 
sacrifice in fidelity. The time delay 
of the experimental cable begins to 
decrease at 1 me and the slope of 
the attenuation curve also increases 

















J 
10 30 100 300 1 3 10 





FIG. 3 


APRIL 1954 











GREATER STRENGTH is offered by Avon's new 
Fusionweld process because of the complete uni- 
formity of grain structure found throughout the 
entire tube wall, including the highly critical welded 
area. This feature eliminates the need for bonding 
with another metal, also eliminates the internal 
stresses resulting from variables in expansion co- 
efficients where rapid temperature changes are 
involved. Fusionweld thin-wall steel tubing now can 
be employed as a satisfactory, low cost substitute 
in most electro-thermal tubing applications with 
absolute confidence in the end results. 


ADDED DUCTILITYof Avon Fusionweld thin-wall 
steel tubing provides new ease of forming even 
the most complicated shapes due to our new con- 
trolled method of annealing in special atmospheric 
furnaces. This important characteristic insures lower 
scrap loss in fabrication and superior performance 
in most electrical sheathing applications. 


SMOOTHER 0O.D.tor fine finish brass or chrome 
plating is offered in all Avon Fusionweld tubing for 
electrical fixture manufacturers. 


MORE ECONOMICAL—Avon Fusionweld guar- 
antees a very definite price advantage coupled 
with greatly broadened usefulness and new savings 
which now can be affected in fabricating opera- 
tions—with far greater freedom from scrap loss. 


He" O.D. to ¥e" O.D. Plain or Terne Coated. 
We can fabricate tubing to your requirements. 
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125 volt 2-wire devices now require the use of a parallel bladed 
plug; 250 volt 2-wire devices require a 2-wire tandem blade plug. 
In order to segregate and properly ground devices for 125 volt appli- 
cation, a 2-pole parallel blade plug with radial grounding pin is 


required; 250 volt devices require 


a 2-pole tandem blade plug with 


radial grounding pin. Below are illustrated molded-on male and 
female rubber plugs available for immediate production. Male 
angle plugs available straight and angle construction, female con- 


nectors in straight type only. 


FEMALE... 


#250 for use on 
18/2, 16/2 SJ and S 
#253 for use on 


14/2, 12/2 S 


MALE... atl 


3 52R for use on 

18/2, 16/2 SJ and S$ 
281 for use on 

14/2, 12/2 


FEMALE... 

#275 for use on 

18/2, 16/2 SJ and $ 
#277 for use on 

14/2, 12/2 S 

MALE... 

#75 for use on 

18/2, 16/2 SJ 
277 for use on 

18/2, 16/2 SJ and S$ 


FEMALE... 

#279 for use on 

18/3, 16/3 SJ and $ 
#280 for use on 

14/3, 12/3 S$ 

MALE... 

299 for use on 

18/3, 16/3 SJ and S$ 
2299 for use on 

14/3, 12/3 S$ 


FEMALE... 

2276 for use on 

18/3, 16/3 SJ and S$ 
#278 for use on 

14/3, 12/3 S$ 

MALE... 

#76 for use on 

18/3, 16/3 SJ and S$ 
278 for use on 

14/3, 12/3S 


\ 


pe 
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250 


/ 
a 


WRITE ALSO FOR DATA SHEET ON RIGHT-ANGLE mo.pep MALE PLUGS 


CORNISH WIRE 


50 Church Street 
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greatly above that frequency. The 
drop-off of time delay with increas- 
ing frequency is due to the nature of 
the magnetic coupling between each 
turn in the inner conductor and 
neighboring turns. At low frequen- 
cies the fields coupled in this manner 
are substantially in-phase and the 
mutual coupling tends to enforce the 
general magnetic field. As the fre- 
quency is increased, coupling occurs 
to an increasing extent between turns 
in which the currents are not in-phase 
and cancelations occur in the general 
magnetic field with a resulting de- 
crease in inductance. It can readily 
be seen that for a greater concen- 
tration of time delay, the out-of-phase 
coupling will occur to an important 
extent at a lower frequency. 

The inner core of the experimental 
cable is composed of a polyethylene 
compound containing $7 per cent by 
weight of a commercial ferrite in 
powder form. Ferrites, in general, will 
not add significantly to the attenu- 
ation of a delay cable of this type 
in the frequency range up to about 
10 me. Attention can theretore be 
directed primarily to the physical dis- 
position of the conductors so as to 
obtain an optimum ratio of time 
delay to attenuation and a minimum 
variation of both with frequency. 

ieee fae 
100 

Above has been abstracted from a 
paper presented at the Technical Sym- 
posium on Communication Wires and 
Cables sponsored by Signal Corps Engi- 
neering Laboratories, Asbury Park, Dec. 


14-16, 1953. 


Electric Clutch Applied 
to Farm Combine 


DEVELOPMENT of a electric 
clutch which is expected to bring 
“push button” control to every farm 
machine has been announced by the 
Warner Electric Brake & Clutch Co., 
Beloit, Wis. The electric farm clutch 
has been under rigid field tests for 
the past five vears. 

According to Steven P. J. Wood, 
company president, farm machinery 
equipped with the electro-magnetic 
clutches will: 

(1) Reduce the time 
do a job involving farm machinery 
through operator and 
elimination of operator fatigue. 

(2) Make possible the redesign of 
farm machinery so that crop waste, 


new 


necessary to 


convenience 


common to present-day machines, can 
be stopped. 

(3) Effect savings in money since 
costly breakdowns will be substantial- 
lv reduced. 

The new clutches are being intro- 
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QUICK-LOCK 
SPRING-LOCK 
ROTO-LOCK 
LINK-LOCK 


DUAL-LOCK 
JUST OUT! 


NEW 36-PAGE CATALOG WITH APPLICATIONS 


SEND FOR ITI 
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ways to save 


on assembly costs 


QUuUICK-LOCK For fastening removable access 


doors and panels. Because of its ease of installation, QUICK-LOCK 
is ideal for assembling removable panels. A 90° turn locks it in 
place. Stud is self-ejecting when unlocked; visual inspection shows 
whether fastener is locked. Spring loading takes initial load; solid 


supports carry increased load. Available in a wide range of sizes. 


SPRING-LOCK One-piece fastener for blind 


holes has load-carrying steel spring wire. Spring steel arms lock 
fastener securely, prevent loosening under vibration. SPRING-LOCK 
will work with varying panel thicknesses, locks with a twist of the 
wrist. SPRING-LOCK is now available in high-impact plastic. The 
molded design permits heads to be made in various shapes for re- 
frigerator shelf supports, washer knobs, brackets. Available in a 


wide variety of shapes and sizes, and also in custom designs, 


RO " ©. LOCK Serrated, tapered cam is engaged 


by formed lug as fastener is locked. Cam action draws panels to- 
gether tightly, insures locking even under conditions of misalign- 
ment. Opens easily for demounting. ROTO-LOCK carries heavy ten- 
sion and shear loads; can be used for air and water-tight seals; 
recesses completely into panels. Solidly built without springs or 
delicate mechanical parts, unaffected by arctic temperatures or 


field service. 


Simmons Fasteners are widely used in refrigerators, washing ma- 
chines, electrical equipment, electronic assemblies, prefabricated 
portable shelters, coolers, demountable furniture. Every Simmons 
Fastener is a service-proved design with a long record of assembly- 
cost saving in many industries. 

If you are interested in cutting your costs, turn to Simmons Fas- 
teners—the fasteners with uses unlimited. Write for samples and 


catalogs today. 


SIMMONS FASTENER CORPORATION 
1752 North Broadway, Albany 1, New York 
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REGOHM 


Reference 


Disturbance 
(Power input variations) 


Disturbance 
(Ambient conditions) 





Regohm keeps radiation energy constant 
for new infrared spectrometers 


Since infrared analysis must be able to re- 
cord changes as slight as 1 part in a million 
of a chemical substance, the energy source 
must be kept constant. The above block 
diagram shows how Regohm does this for 
a Perkin-Flmer Infrared Spectrometer. 

In most applications, Regohm directly 
senses what it controls. Here, however, 
Regohm serves as a power amplifier. A 
photo tube acts as the sensing device. Its 
output is electronically amplified, using a 
balanced DC amplifier to raise the power 
level of signal and eliminate the effects of 
drift. 

The photo tube is constantly sensitive to 
changes from the Nernst glower by deliver- 
ing current output proportional to changes 
in radiation. Output from the Reference Bal- 
anced Amplifier changes above and below 
fixed voltage. 

Reacting to milliwatt output changes in 
the amplifie r, Regohm produces ‘large 
changes in power input to the Nernst 
glower. Hence, the Regohm circuit adjusts 
for all variations in source intensity, coun- 
teracting disturbance from input 
changes and ambient temperature condi- 
tions. Regohm’s dashpot stabilizes the con- 
trol system. 

Electric Regulator takes pride in the fact 
that high performance alone was the reason 
for P-E’s choice of Regohm for equipment 
that is the “Cadillac” in its field. 


pow er 


7 Reasons why Regohm can simplify 
your control problem 

1. Regohm is small in size—It is compact, light- 
weight, position-free. 

2. Regohm is a high-gain power amplifier— \lil- 
liwatt variations in signal energy control 
energy changes millions of times greater. 


3. Regohm’s isolated signal and control circuits 








Assembling a Perkin-Elmer 
Infrared Spectrometer 


eliminate impedance matching problems—Sig- 
nal coils may have ratings from 0.01 to 350 
amperes. Control resistance range unlimited. 
4. Regohm will correct system instability—A re- 
liable, sturdy dashpot aids system damping. 


5. Regohm’s effect can be calculated in advance 
Its response is independent of rest of servo 
system. 
6. Regohm assures continuous control—In 
“closed loop” systems a high-speed averag- 
ing effect occurs. 
7. Regohm has long life—Plug-in feature sim- 
plifies replacement when necessary. 
Regolm can be applied to your control 
system or regulation problem. Our engi- 
neering and research facilities are always at 
your service. Write for Bulletin 505.00, ana- 
lyzing Regolm’s characteristics and applica- 
tions. Address Dept. L., Electric Regulator 
Corporation, Norwalk, Conn. 


——= CONTROL COMPONENT IN: Servo systems + battery 
chargers + airborne controls + portable and station- 
ary generators *« marine rador «+ inverters + locomo- 
tive braking systems + mobile telephones + guided 
missiles + signal and alarm 
central station equipment + magnetic clutches « rail- 
road communication systems * magnetic amplifiers. 


systems «+ telephone 
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duced on combines made by the John 
Deere Co., East Moline, Ill., and 
plans are being made to equip several 
other types of farm machines with 
the same automatic control features, 

A combine is used primarily for 
cutting and threshing grain and other 
farm commodities. A power driven 
reel divides the grain and holds it to 
the cutter bar. A screw conveyor 
carries the cut grain to a “feeder- 
beater” which sends it along to the 
conveyor chain. From there it is 
moved to the separating cylinder 
where the grain is separated from 
the straw and carried to a grain tank 
from which it is automatically un- 
loaded onto an accompanying truck 
or wagon. 

Most of the trouble with present- 
day combines is caused when stones, 
tangled weeds, tree roots or other 
foreign materials find their way into 


the mechanism. Often in removing 
this extraneous matter, much good 
grain is wasted. Besides, any rock 


or tree root can jam and damage the 
mechanism beyond quick repair. 
The new electric clutch is the con- 
trolling factor on the conveyor which 
feeds grain into the combine. It is 
controlled by a push button. When 
the farmer sees foreign material enter 
the conveyor, he simply pushes the 
button and the electric clutch stops 
the flow of grain. With the feeding 
mechanism stopped, the foreign mate- 


rial can be speedily removed. The 
new clutch makes it ‘possible to 
harvest an entire crop with almost 


no interruptions. 
Electric clutches 
for other types of farm machinery 
such as tractors, hay balers, cotton 
pickers, check row planters and forage 
wagons. The same_ basic electric 
clutch principle is also being devel- 


can be adapted 


oped for use on other industrial 
equipment. It has been in wide use 
on machine tools and automotive 


r ma re 


equipment. 


Hot-Extruded Fans 


ALUMINUM wheels and fans with 
diameters from 2 to 4.5 in. and 
weights of 2 oz to 1% |b are being 
extruded hot to finished sizes and 


difficult contours at the AiResearch 
Manufacturing Company of Arizona. 
Extruding is done on a specially de- 
signed 1100-ton Lake Erie Press at 
the Phoenix division of The Garrett 
Corporation. Tolerances are as low as 
0.001 in. with production rates of 
100 per hr. The wheels are used in air 
cooling, refrigeration and ram air tur- 
bines produced by AiResearch for 
commercial and military aircraft. Fans 
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COLOR TAPE 


8 coLors 


Red e Yellow ¢ Green « Blue 
Gold « Silver ¢ Black © White 
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Electrical insulating, Indexing, Color coding 


A GREAT NEW PROFIT-MAKER FOR YOU BY DUTCH BRAND 


By 

so | 

Via 
\ ) 


color coding electric wiring 


Wherever color can help you in manufacturing operations, the great 
new line of DUTCH BRAND Vinyl COLOR TAPES will prove useful to 
you. For the first time you can do just about every industrial taping 
job, and do it in color. 


They have a high resistance to the average destructive elementss 
such as grease, oil, acids and corrosive chemicals. Use it for such jobs 
as indexing of parts, tools, materials being tested, stock shipments, 


The Tape 





etc. It is ideal for all holding, reinforcing, splicing, perfect for neat with a 
work on color wiring in electronic assemblies. UL listed. Check the Thousand 
remarkable characteristics of DUTCH BRAND Vinyl COLOR TAPE. 

Order it at once from your Industrial Distributor. Uses 


Adhesive Value—728 oz. per inch width (according to ASTM D1000) ) Eee 


Tensile Strength—15 Ibs. per inch width 
Dielectric Strength—1000 volts per mil of thickness 


Thickness—0.006 | , ohns-Manvill t=) 


Moisture Vapor Transmission Rate—Less than 3 DUTCH BRAN 
o Db JU 


P R SS Ve @ 
ORDER FROM YOUR VAN CLEEF BROS... INC. DIVISION 


7800 WOODLAWN AVENUE ait? Vt Mme 
INDUSTRIAL DISTRIBUTOR 





decorating color indexing 
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“ve: Overloads 





The New Torque Limiting Safety Clutch 


@ Eliminates predetermined overloads with instantaneous 
trigger action release. 


@ Reduces down-time by eliminating shear pins 

@ Ideal for all speeds—as low as one rpm—higher too 
© Adaptable to sprocket, pulley, belt, gear drives, etc. 
@ Permanent protection due to negligible parts wear 


Operation is simple and positive in disengagement when pre- 
determined overload occurs. When clutch is reset, machine opera- 
tion resumes at exact cycle point of release. 


Trig-O-Matics will run in either direction. They're equipped with 
a micro-switch activating pin for automatic power shut-off. 


CENTRIC CENTRIFUGAL CLUTCH-COUPLINGS 
AND CLUTCHES—Provide smooth, cushion starts— 
acceleration control—overload protection through cen- 
ma trifugal force on internal shoe arrangements. There's a 
type for every power drive—fractional to 2500 h. p. 





May we help solve your drive problems? 


oe 





P.O. BOX Tre Agate cane laa asl ad 


are made with ten deep blades; bucket 
wheels with 30 precision buckets and 
radial air foil sections. 

Press uses a ram force of 350 tons 
and a die clamping pressure of 750 
tons concentrated in a 3 sq in. area, 
Ram force is exerted at 390 in. per 
minute. 

Tough alloys such as aluminum 
alloy 14S with a tensile strength of 
60,000 psi make strong fans but com- 
plicate the problem of extrusion. Previ- 
ously produced by hand duplicating 
which took 4 hr per fan the 100 per 
hour rate represents a considerable 
saving, and in addition the quality of 
the product is far superior. 

The press itself which weighs 100 
tons was built by Lake Erie to AiRe- 
search specifications. It is electrically 
driven, self-contained and hydraul- 
ically operated. Controlled  electro- 
hydraulically it is water cooled and 
has a nitrogen bottle accumulator. 
The dies are made by AiResearch from 
high alloy steel. 

Several problems were confronted 
in the initial operation of the press. 
Die temperatures had to be con- 
trolled by building in five heaters in 
the die itself. Three were mounted 
above and two below, all controlled 
by thermostats. Insulation pads were 
added to prevent die heat from af- 
fecting the press. ood 


Reinforced Plastics 
Standards 


Reports from the Subcommittee on 
Electrical Flat Sheet and the Sub- 
committee on Housings and Appli- 
ances were recently submitted by the 
Standards Committee of Reinforced 
Plastics Division of the Society of the 
Plastics Industry, at the 9th Annual 
Conference of the Division, at Chi- 
cago, February 3 to 5. Summaries of 
the reports follow: 


Subcommittee on Electrical Flat Sheet 


The activity of the Subcommittee on 
Electrical Flat Sheet has been di- 
rected toward the development of a 
standard for an electrical grade glass 
mat polyester resin laminate. In 
November, 1952, the subcommittee 
became aware of an interest by the 
National Electrical Manufacturers’ As- 
sociation (NEMA) in the develop- 
ment of a standard for such a mate- 
rial. A preliminary meeting was held 
between SPI and NEMA at Wash- 
ington, D. C., on February 18, 1953. 
At this meting it was proposed that 
the SPI subcommitte work with a 
similar NEMA subcommittee to de- 
velop the standard. At a standards 
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EXCELLENT THERMAL 
ENDURANCE of Zircon Porcelain, containing TAM products, 
is an important advantage in ceramic insulators used in 
electronic systems. In addition, it is up to 50% stronger than other 
porcelain-type materials, has good electrical characteristics 
at normal and elevated temperatures and shows low electrical 
loss. Let us send you detailed information applicable to your 
recuirements. Write our New York City office. 


APRIL 1954 


TAM 
PRODUCTS 


Registered U.S. Pat. Off 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANYs 
Executive and Sales Offices: 111 BROADWAY, NEW YORK CITY 
General Offices, Works and Research Laboratories: NIAGARA FALLS, 4. & . 
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committee meeting on February 20, 
1953, it was agreed that this pro- 
cedure would best serve SPI mem- 
bers and the electrical industry. 
The first joint meeting between 


—s v9 SPI and NEMA was held April 21. 

—— | 1953, at Johns Hopkins University, 

at | Typical physical and electrical prop- 

= erty data were supplied by several 

in AAAY manufacturers describing their com- 


mercial glass polyester laminates. 
All types and sizes of screws These data were used as the basis 
(Phillips, slotted, hex head, for developing a proposed standard. 
socket), bolts, nuts, washers, | At a joint meeting of the SPI and 
, ; ’ j 
rivets, keys and pins 








NEMA subcommittees on October 13, 
1953, at Johns Hopkins University, the 
proposed standards was prepared and 
is presented as part of this commit- 
tee’s report. 

It was the intent of this subcom- 
mittee that this proposed standard be 
Over 9000 items in stock means immediote de- reviewed by interested SPI members 
livery from one source and that these members supply con- 
New Garden City plant now operating ot top structive criticism to assist in the 
speed and quality 2 ; 

init a preparation of the final standard. It 

Unsurpassed facilities for quantity fabrication of , : 
wesiale was also the intent of both the SPI 
A staff of seasoned engineers clwoys ovoilable | and NEMA subcommittees that a test 
for consultation program be conducted at Johns Hop- 
kins University to provide engineering 

fasteners : . . . ° 
information to be included in the 
WRITE NOW FOR FREE COPY OF . : 

FASTENER MANUAL P9 publication of the standard. An out- 
MANUFACTURERS SINCE 1929 line of the tests to be conducted was 


included under the Engineering In- 


formation Section of the proposed 
Seneoaes SONEW YORK standard. This test program is being 


set up at Johns Hopkins University, 
because they have considerable back- 
ground in the field, having conducted 
WITTE tee a TT Tae T many similar programs for NEMA. 
U. S. STEEL CORP _ 
oposed NEMA standz ren- 
SPE sR eA - yposed NE ard ” gen 
aral- ce ore > reste yiacc. ‘ 
RRP Fe SS aE: a ens grade —e glass-mat 
ONTINENTAL WIRE CORP sheet laminates is as follows: 
Scope. 


Pioneers in the manufacture of stainless steel 








y 
4 
Fa 


4 
Fg 


Tm Llane lS 

[hese standards cover a_ general- 
purpose grade of polyester glass-mat 
sheet laminates to be used for both 
mechanical and _ electrical applica- 
tions. Electrically, these laminates are 
considered as Class B insulating mate- 
rials, as classified by AIEE in thei: 
“Introduction to AIEE Standards,” 
(General Principles Upon Which 
Temperature Limits are Based in the 
Rating of Electric Machines and Ap- 
paratus) Publication No. 1, June 1947. 


a 


Sy aad 


sear 


nw Po) hated] 


weer 


wie Ta) 
= Megs oe ST ital calc aatal id [Note: As defined by AIEE Publica- 
: 2 re tion No. 1, Class B insulation consists 
of Mica, asbestos, fiberglass, and simi- 
lar inorganic materials in built-up 
form with organic binding substances. 
minimum. Dobeckmun engineers develop PU'LADELPHIA INSULATED WiR The limiting insulation temperature 
TRIER Cem eiin URS TUL | (hottest spot temperature) for this 
products to meet every speci ong #2 a as Succediontons 
Whatever your insulation problem, write . aah Bl % a i ri 2. Description of 
ae ae ape vA GC a | General Purpose Grade 
Te eke a SL OL eens ea This grade is made from a mat or 
random-laid glass fibers, saturated | 
Dobeckmun Company, Cleveland 1, Ohio + Berkeley 2, California with polyester resin combined with | 
SOR ORR ET ee a suitable fillers, cured by applying heat | 
Phe Floyd A. Holes Co., Bedford and Madison, Ohio and pressure and meeting the per- 


| 
i retardant. And Lexel permits wires to 
e perfectly centered in a continuous helica 


| 
| 
A keeping ihe insulation diameter at 
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the facts behind a high-quality, world-famous line of motors now 
available in America (N.E.M.A. standards) at savings up to 40% 


with these additional features 


@ immediate delivery from stock © any motor sent free for 
examination and testing 
®@ unconditionally guaranteed 

® superior design 

® all types and sizes 

up to 230 H.P. ® offices in principal cities 


The first fact is that motors are our business, our 
only business. Since 1935 we’ve sold more than 
two million motors in 62 countries. And we're 
making and selling a larger volume than ever right 
now. NEWMAN MOTORS have aé_é world-wide 
reputation. 


Another fact is that economics favor us because we 
can produce higher-quality motors at relatively lower 
costs than American manufacturers. And because 
we are now enjoying a further cost margin from our 
high production we are offering the lowest prices to 
the American buyers. 


These are high- quality, unconditionally - guaranteed 
motors in a complete range of totally enclosed fan 
cooled and open drip-proof designs (squirrel cage 
and wound rotor) in all sizes up to 230 h.p. Write 
today, via coupon below, for catalog and price lists. 


Newman Industries (America) Inc. 
43 Broad Street, New York 4, New York 


Please send me a catalog and price list of the full line of 
NEWMAN MOTORS now available in the United States at 
savings up to 40% 


NEWMAN INDUSTRIES (AMERICA) INC. Attention of 
43 BROAD STREET : Company Name 


Address 
NEW YORK 4, NEW YORK 
City . State 
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ait, 
Check appliance current at receptacle 


i EN 


Check appliance voltage at receptacle 








Know if the load is balanced 











Expand low-amp reading by doubling lead 


Fliminate Guesswork! 


EQUIP YOUR FIELD MEN WITH 
THIS POCKET VOLT-AMP TESTER 


Help to assure a correct installation of 
your equipment in the field, better servic- 
ing, fewer complaints. Equip your field 
men, service men and dealers with an 
Amprobe Jr., the pocket tester that meas- 
ures voltage and current instantly, with 
instrument accuracy, without shutting 
down equipment! Costs only $19.85 (only a 
few dollars more than an ordinary voltage 
tester), So every man can carry one. 

7 Amprobe Jr., models from 0-10 amp to 
0-100 amp; choice of either 0-125/250 volts 
A-C or 0-150/600 volts A-C range. For your 
higher current applications, multi-range 
Amprobes available for 300, 600 or 1200 


Amprobe Jr. 


snap-around volt-amp tester $ | & 85 
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amperes. We can also make up custom 
ranges on quantity orders. Our Engineer- 
ing dept. will be glad to work with you on 
your specific problem. Write today. 
PYRAMID INSTRUMENT CORPORATION, 
DEPT EM44, LYNBROOK, NEW YORK 
(Export Div: 458 Broadway, N. Y.) 

Send for these free Amprobe service bulletins: 


Cr errr eee eee 


! Pyramid Instrument Corp. 


Dept. EM44, Lynbrook, N. Y. 


Please send me the Amprobe service bulletins 
checked below: 


] UL wiring standards, room conditioners 
Trouble-shooting electric motors 
Portable test instruments 
Electrical servicing of hermetic units 


NAME 
COMPANY 


ADDRESS 
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formance requirements specified here- 


in. (Authorized Engineering Informa- 


tion. ) 


3. Standard Thicknesses 
and Tolerances 

Standard thicknesses and tolerances 
shall be as given in the following 
table. 

At least 90 per cent of the area of 
the sheet shall be within the toler- 
ances given, and at no point shall 
the thickness as given vary from the 
nominal by a value greater than 125 
per cent of this specified tolerance. 


General-Purpose Grade 


Nominal thick- Tolerance, 


ness, in. in., 
‘46 0075 
oo 0090 
Vg 0100 
Sho O01 10 
346 .0125 
‘ho .0140 
M4 0150 
“46 0175 
3g .020 
“AG 022 
lo .024 
58 .027 
3 .029 
Vg .031 
] .033 


NEMA Standard 


4. Minimum Flexural Strength 

The minimum (average of four test 
specimens) flexural strength, meas- 
ured flatwise, when tested under Con- 
dition A (as received; no special con- 
ditioning) in accordance with ASTM 
D-790, latest revision, shall be as fol- 
lows: 
Mimimum Flexural 

Strength, psi 
18,000 


Thickness, in. 
14, thru 12 


NEMA Standard 


5. Minimum Izod Impact Strength 

The minimum Izod impact strength 
(average of four test specimens) 
tested edgewise under Condition 
E-48/50 (48 hr at 50 C), in accord- 
ance with ASTM D-229, latest revi- 
sion, shall be: 

Vs in. to % in. thickness, inclu- 

sive—8 ft-lb per 1-in. notch—both 

directions. 

The specimens for this test shall be 
2% in. x % in. x thickness, notched. 
They shall be built-up to % in. thick- 
ness (plus or minus the standard tol- 
erance ). 


NEMA Standard 


6.. Minimum Dielectric Strength 
Parallel to Laminations 
The minimum dielectric strength 
parallel to laminations using the step- 
by-step test (average of four speci- 
mens), shall be as follows: 
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Sta-kon terminal 





2. ...are safe and 


easy to install 
No flame, heat, or fluxing agents are 
HowT, & B Sta-kon terminals = 


required to install Sta-kon terminals — 
+ | there’s no danger of explosion or cor- 
a a 2 ee i in gd nh é ni ¢ 2 rosion .. . no damage to insulation. Just 
a single operation with T & B Shure 
Stake tools stakes terminal to solid or 


to g n wiri x in 00 k- U stranded wire with terrific pressure . . . 
ht i ~ compresses them to a near-solid mass, 

\ / \ Fool-proof tool operation assures con- 

| nections that won't vibrate loose... 





Z / - can’t fail under severe stresses. 
: ‘y a 
\ Pa . one 
" -N \ 
; oY & 
: \ - e i : Fare S$ 
{ \ ; j , fF Sys AD, 
r | m/ NG e2% 
a O , i en i g $ 
\ NX 3....are availa 
ay y as a complete line 
IZ — including ‘‘specials“‘ 
I. Sta-kon terminals The T & B line of Sta-kon terminals 
provide sure, certain and connectors is designed to meet al- 
cti most every wiring need: wire sizes 22 
connections to 4/0; in varied tongue styles and 
. An electronic brain can work miracles — yet a single stud sizes; with and without insulation 
loose connection can upset its accuracy. Offering far grip. Among the “specials” available is 
greater uniformity than possible with solder, insu- this heater wire terminal. Ideal for con- 
lated T & B Sta-kon terminals make fast, permanent necting all types of resistance wire, 
connections of low resistance — even at extremely low these heat-resisting terminals add extra 
currents. The mnoget nylon insulating sleeve mini- life to any toaster, iron, or heater. 
mizes possible accidental shorting across crowded ter- For full details on T & B Sta-kon 
minal blocks. Color-coded, insulation can’t slip loose terminals and connectors, make it a 
. withstands heat, cold, and many chemical agents. point to write for Bulletin #61. 





|- LOOK FOR THIS SIGN — ‘IT’S THE MARK OF AN AUTHORIZED T & B DISTRIBUTOR 
The complete line of T & B fittings for conductors and raceways is sold only by 
ENGINEERED recognized electrical wholesalers. It's our way of assuring you the service and savings 
SE of a friendly local source. Call him for all your electrical needs. 133 
e) THE THOMAS & BETTS CO. 
— INCORPORATED 


28Butler Street * Elizabeth 1, New Jersey 


Thomas & Betts Ltd., Montreal, P.Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898) 
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; ~ . Protecting Your 
Product’s Reputation! 


Consumer goodwill, 
which determines the 
reputation of your prod- 
oe uct, depends on “The 
o Vital Link between 
Power and Perform- 
™ ance”. . . the cord as- 
sembly you use! 
t 
f 
& 


¢ 


That’s why a cord set 
from Riverside is the 
best investment you can 
make. You save assem- 
bly time with easily 
installed pre-fabricated 
wiring. You avoid the 
upkeep of specialized 
production equipment. 





ve 


But most important... 
you install “Reputation 
Insurance” on every as- 
sembly where you use 
a Riverside cord set! 
Take advantage of our 
specialized engineering 
experience and produc- 
tion facilities. Send 
samples or prints for 
prompt recommenda- 
tions and a firm quota- 
tion without obligation. 


2 
J? 
A>» 


Ss 





Wverside 
Vanufacturing 


AND ELECTRICAL SUPPLY COMPANY 
10227 Michigan Ave. » Dearborn, Mich. « Phone Tiffany 6-6800 
rah HARNESSES AND ASSEMBLIES tee O08) Se 
HEATER AND EXTENSION RDS e ELECTRICAL SWITCHES 

® RELAYS e MOLDED RUBBER PRODUCT 
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appliance 


40 kv under Condition A (as re- 
ceived; no special conditioning) 
for thickness of \%4¢ in. 
inclusive. 
3 kv under Condition D 48/50 
(48 hr in distilled water at 50 C) 
for thicknesses 46 in. to % in. 
Specimens shall be 3 in. by 2 in. 
by thickness and shall be tested in ac- 
cordance with ASTM D 229, latest 
revision, except as follows: 
American Standard tapered pins, 
such as Morse, Brown and 
Sharpe, or Pratt and Whitney, or 
their equivalent, having a taper 
of % in. per foot, shall be used. 
For test specimens having a 
thickness up to % in. inclusive, 
No. 3 American Standard tapered 
pins 3 in. long and having a 
diameter at the large end of 74» 
in. shall be used. Drill two *4¢ in. 
diameter holes, centrally located, 
one inch apart, center to center, 
and perpendicular to the faces of 
the specimen. Ream holes of suf- 
ficient depth to allow pins to ex- 
tend approximately 112 in. from 
the small end of the hole. 
The electrodes shall be inserted 
after the conditioning of the test 
specimens. Spheres having a % 
in. diameter, when placed on the 
extremities of the face of the pins 
will decrease the tendency to 
flashover. 
An extra specimen shall be tested 
under the short-time method in 
order to establish a basis for the 
initial voltage of the step-by-step 
test. 
NEMA Standard 


to 2 in. 


7. Arc Resistance 

The minimum arc resistance shall 
be 100 seconds when tested under 
Condition A (as received, no special 


conditioning), in accordance’ with 
ASTM D 495, latest revision. 
NEMA Standard 
8. Bonding Strength 

The minimum bonding strength 


shall be 800 for % in. thickness when 
tested under Condition A (as re- 
ceived; no special conditioning) in 
accordance with ASTM D 229, latest 
revision. 

An average of four specimens shall 
be tested. Specimens shall be 1 in. x 
l in. by % in. thickness (plus or 
minus standard tolerance). 

NEMA Standard 


Subcommittee on Housings 
and Appliances 


A survey conducted by the Chair- 
man in the Fall of 1952 among major 
manufacturers, disclosed 
the majority opinion that standardiza- 


| 
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it’s meWeeee 


connector for 
eae conduit 


nt products) 


an impr 
liquid-tigh 


(Sealtite or equivale 


HIGHLY EXTRA 
EFFICIENT 


GROUND GRIP PERMANENT 


SEAL 






DISPLACED 


AYIA 


PYLE-NATIONAL 


CT” series Connectors offer 
all these advantages 


EXTRA STRONG GRIP 

® Compression force applied against 
body shank—not against the conduit 
alone, making a vise-like clamp. 

®@ Gripping is well behind end of flexible 
conduit for firm anchorage. 

®@ Pliable seamless sleeve makes a plastic- 
to-plastic grip with the conduit sheath 
... thereby avoids cutting and abrasion 
common to metal sleeves. 


PERMANENT SEAL 

®@ Plastic Sleeve and Conduit Sheath have 
equivalent physical characteristics there- 
fore the seal will last the life of the 
conduit. 


HIGHLY EFFICIENT GROUND 

@ Less than 10 millivolt drop. 

® Tapered body shank, makes a firmly 
wedged contact with the flexible metal 
conduit. 


DISPLACED BENDING ACTION 

®@ Tapered body shank is elongated to 
extend beyond gland nut, thus avoiding 
short radius bends which shorten the life 
of the conduit sheath and the perma- 
nency of the joint. 


> il 
Ty 


-~ 


Cie 





"'CT"’ series connectors can 

be installed assembled. i 
Available in Straight, 45° 
and 90° types for %” to 2” 
conduit. Meet U/L and J.1.C. 
standards. 


SSL LD 





ae eee Le 


1388 North Kostner Avenue 


Chicago 51, Illinois 
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KOPPERS POLYSTYRENES 


General Purpose 





They needed a tough plastic to make 


big moldings at low cost 


Molder: General American Transportation Corp., Chicago, III. 


Type peice @ Westinghouse Electric wanted an- Koppers Polystyrenes, both regulaa 
Type 7 Distortion Temperature | other liner for refrigerator doors—one and modified, have helped many man- 
, Highest Heat Distortion - 7 . 
Type 8 Temperature that would be easy to clean, odorless, ufacturers improve their products, 
MC-185 wore Absorttion nate shock-resistant, and yet low in cost. and/or cut production costs. These 
ap .907 eh inne” Improved The molder, General American, plastics flow easily during molding, 
i = apne ies es suggested use of a liner made from a thereby reducing the molding cycle and 
MC-305 . special, high-impact plastic. Koppers increasing production. Our technical 
MC-309 Heat Distortion Modified Polystyrene MC-305 met the staff will be glad to assist you in select- 
eed requirements, and is now used in ing the specific Koppers Polystyrene 
MC-401 ee ne several Westinghouse refrigerator that best fits your needs. Call or write 
Mc-405 “Medium tmeect.” models. your nearest Koppers office. 
J Easy Flow 
MC-409 weat Distortion 


Temperature 


s 3 Ve @ 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


KOPPERS 


* 


anteed by ~ 
Good Housekeeping 
<< wy 





45 apvearistd WE 


KOPPERS COMPANY, INC., Chemical Division, Dept. EM-44, PITTSBURGH 19, PENNSYLVANIA 
SALES OFFICES: NEW YORK + BOSTON ~ PHILADELPHIA + ATLANTA + CHICAGO DETROIT + LOS ANGELES 
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Superior Designs 
Slip Ring Brush Assemblies 
_for Use 


Low noise Stable contact 








level resistance 
Ye , 

Ai WK“* © SILVER.GRAPHITE \ 
LW V4 BRUSH ‘ i 
f\\\/ BRASS BAND wr 

Bee ; a {LAMINATED yy 
| 4 aaa SILVER SLIP RING” 4 
x 

















BRAIDED COPPER WIRE SHUNT 


/ 
Jf / 


SS BERYLLIUM COPPER SPRING’ 


Very im it Long 
ul a brush life 


Superior Brushes Belong 
on Products Like These) 


The drawing above suggests how 
thoroughly the Superior staff 
works out every detail of a job. 
Superior will design and build any 
or all parts of a brush assembly, 
OR we will build to your design. 


Write jor our Catalog 6-DM. 


Letterhead request, please. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE, CLEVELAND 5, OHIO 
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tion of reinforced plastics products 
in the housings and appliances field 
was premature. However, the engi- 
neers and materials scientists of these 
firms indicated a very active interest 
in reliable engineering data and _in- 
formation on reinforced plastics mate- 
rials. Study of a few exploratory prod- 
uct applications showed that much 
needed fabrication data should be 
assembled immediately to aid further 
design and procurement work. 

The committee decided that the 
job of standardizing reinforced plast- 
ics in housings and appliances was 
too vast to be accomplished in a few 
years and that the number and types 
of applications must increase before 
actual standardization could be un- 
dertaken. 

However, the committee agreed 
that it would undertake a definite 
program, which it would try to com- 
plete in one to two years’ time: 

1. Defining the product scope of 

this committee. 

2. Study the problems of product 
standardization so they can be 
ready to refer to a larger in- 
dustry-wide committee at a later 
date. 

. Prepare an informative guide- 
book to reinforced plastics ap- 
plications in the housings, appli- 
ances and related fields. This is 
to be an engineering and con- 
tractural aid to proper design, 
selection of materials and _ to 
facilitate better relations be- 
tween molder and user. 

4. Upon completion of these tasks, 
report back to the Standards 
Committee that it recommends 
calling together a large, industry- 
wide committee on housings and 
appliances for study of specific 
product standardization work. 


w 


This program is being carried out 
by the committee. 


Electrical products within its scope 
are as follows: 


Major appliances 
Home laundry equipment 
Dishwashers 
Room coolers 
Freezers 
Refrigerators 
Fans 


Housings 

Business machines 

Industrial machines, meters, etc. 

Work on the guidebook is in the 
editorial phase. Completion of com 
pilation is scheduled for early 1954. 
When completed, publication and 
distribution will be arranged by the 
SPI, after acceptance is made by the 
Standards Committee. O | 
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Engineering, design, the best materials, pre- 
cise construction, rigid quality controls— 
all that, of course. But that’s not nearly 
enough. 

The finest motor ever made is no good 
unless it’s matched to its job perfectly—down 
to the last turn of wire. That’s why Fasco 
Motors are never sold off the shelf—but only 
after thorough tests in the product itself, 
under actual operating conditions. 

If you have a product that can use a shaded 


pole motor (1/500 to 18 h.p.), it will pay 





j f 
a ho 


What makes a good motor...for you? 


you to make use of Fasco’s engineering serv- 
ice. From basic frames (2-pole, 4-pole, or 
6-pole) Fasco engineers—armed with your 
product—develop the right combination of 
operating characteristics. This work is done 
in Fasco’s laboratories or, if you wish, in 
your plant. 

The result is a “‘special’’ motor, proved in 
performance. Then, made in volume by the 
most modern methods, it comes to you at a 
price you'd expect to pay for a ‘‘standard.”’ 


It's a good motor in every sense of the word. 


Write Fasco about a good motor for your product. 


INDUSTRIES, INC. 
ROCHESTER 2, NEW YORK 





Small motors and blowers for industry 
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Specify 
GARLOCK 
GASKETS 





To get the best gasketings 





for all your requirements... 


Made from these materials: 


Asbestos, compressed Natural rubber 


Asbestos, metallic Synthetic rubbers 

Asbestos, woven including: 

Cork-fibre, glycerine Buna-N (Hycar) 
treated or synthetic- Buty! 


rubber impregnated GR-S 


Leather Neoprene 
Kel-Ft Silicone 
Teflont Thiokol 


Vegetable fibre 


There is always one type of gasketing material that’s best for 
a particular application. When you call on Garlock, you’re 
sure to get the material you need to meet your specific serv- 
ice requirements. Here’s why: Garlock can furnish sheet 
packing or cut gaskets made from any one of the basic gas- 
keting materials. We are not limited to a few gasketing 


specialties. 
Therefore, whenever you need gaskets call in your Garlock 


representative. He can supply you with the type of gasket 
that will best meet your requirements. 





Molded Rubber Gasketing Devices 


0. 0 


43 0 


**O’' Ring Gaskets 


* Registered Trademark 








‘*Teflon’’ Envelope 
Type Gaskets with 
Compressible Fillers 





Cork-Fibre Sheet 





GUARDIAN*® Asbestos- 
Metallic Goskets 


THE GARLOCK PACKING COMPANY, PALMYRA, N.Y. 4 é “\ 
Sales Offices and Warehouses: Baltimore ¢ Birmingham « Boston ¢ Buffalo ef: $ ory 
Chicago ¢ Cincinnati ¢ Cleveland « Denver ¢ Detroit ¢ Houston ¢ Los Angeles 7 ® ; 


New Orleans e New York City ¢ Palmyra (N. Y.) ¢ Philadelphia ¢ Pittsburgh ee 
Portland (Oregon) « Salt Lake City « San Francisco ¢ St. Louis ¢ Seattle : 8 pany 


Spokane e Tulsa. 
In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 


-GARLOCK 


; 


Trademark 
tDu Pont’s Trademark for 


its Tetrafluoroethylene 

resin 

PACKINGS, GASKETS, OIL SEALS 
MECHANICAL SEALS 


RUBBER EXPANSION JOINTS 
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Survey on Beryllium 


Latest in the series of surveys on 
strategic materials, this 180-page 
study gives the story on beryllium. 
The first three chapters of the report 
cover the properties, products, and 
uses of beryllium; major mining and 
metallurgical processes; and resources. 
both domestic and foreign. The sup- 
ply-demand position is analyzed in 
Chapter IV, with accompanving tables 
covering the period 1935-52. Various 
phases of the structure of the industry 
are discussed in Chapter V, and Chap- 
ter VI describes the effect of World 
War II on the industry. Annexes | 
and II describe individual domestic 
and foreign industry operations. 

The Beryllium Survey was spon- 
sored by the National Security Re- 
sources Board, and prepared by the 
Bureau of Mines with the co-operation 
of the Geological Survey. Copies are 
available at $1.50 each from the 
Superintendent of Documents, Gov- 
ernment Printing Office, Washington 
20, D.C. 

Previously issued materials surveys 
available for purchase at the Govern- 
ment Printing Office are: Antimony. 
Asbestos, Cobalt, Copper, Lead, Man- 
ganese, Nickel, Rubber, Zine, Tron 
and Steel Scrap, Tin and Bauxite. 


Codes Unduly Restrictive 
on Arc Welding 


For OvER 40 years. arc welding has 
been a big factor in fabricating mod- 
ern equipment. However. according 
to J. F. Lincoln of The Lincoln Elec- 
tric Co., Cleveland, progress is now 
being held back by limitations placed 
around the welding process by vari- 
ous codes, rules and regulations which 
are unduly severe. 

Arc welding has produced a rec- 
ord for reliability in billions of welds, 
over the years, that is unmatched by 
any other manufacturing process. Yet 
arc welding is being tremendously 
handicapped in its application. This 
handicap is throwing suspicion on the 
process by writing into specifications 
expensive and impractical tests which 
have little to do with the excellence 
of the weld. Most of them have to do 
with infinitesimal variations of no 
possible importance but of high cost. 

With modern are welding equip- 
ment and electrodes and with proper 
technique, it is almost impossible to 
make a weld which will be weaker 
than a riveted joint. Yet, Mr. Lincoln 
points out, we see welding electrode 
specifications being written which 
enormously increase the cost of pro- 
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UNDERWRITERS’ FLEXIBLE 
CORDS and FIXTURE WIRE 


Used with 
confidence 
with millions 


of units... 





BARE, WEATHERPROOF, INSULATED WIRES 
and CABLES FOR EVERY ELECTRICAL PURPOSE 


APRIL 
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As a mass producer of these popular cords and wires for electrical 
appliances and equipment of all types, General Cable is constantly 
finding new materials, adapting existing ones, helping to start new 

trends. Our recent developments will result in savings to you. 


General Cable’s line of Underwriters’ Flexible Cords and Fixture 
Wires is available with rubber or plastic insulations ... with 

neoprene coverings . . . with solid and stranded copper conductors. 
They are designed to resist heat and moisture. They are 

designed for maximum flexibility. Check General Cable for 600 V 

and 1000 V fluorescent lighting slim line code approved fixture wire. 
You name it! We make it! So, don’t overlook the convenience and 
simplicity of buying all your wire and cable needs in one place! It pays! 


GENERAL CABLE CORPORATION 


420 Lexington Avenue, New York 17, New York ¢ Sales Offices: Atlanta ¢ Buffalo 
Cambridge (Mass.) * Chicago * Cleveland * Dallas * Detroit * Greensboro (N. C.) * Houston 
Indianapolis © Kansas City * Los Angeles * Milwaukee * Minneapolis © New York ¢ Newark 
(N. J.) ¢ Philadelphia ¢ Pittsburgh * Portland (Ore.) * Rome (N. Y.) ¢ Rossmoyne (Ohio) 
(Cincinnati area) ¢ St. Louis * San Francisco * Seattle ¢ Syracuse * Tulsa * Washington, D. C, 
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A Revolutionary 
New Relay Development... 


of utmost importance to 
electrical and electronic design engineers 


The Mullenbach Capaswitch uses an entirely new and different 
concept in relay design to transfer the contacts; provides extreme 
sensitivity, low power requirements, high current-carrying 
capacity. 


The revolutionary new Capaswitch is basically an ultra-sensitive 
relay with unusual current carrying capacity. It will perform all 
of the jobs of conventional magnetic-coil relays within the same 
current carrying capacity, plus many jobs that magnetic-coil 
relays cannot do. However, in design it departs radically from 
conventional relays. Instead of the usual electromagnetic arma- 
ture, a unique electrostrictive capacitive element provides the 
mechanical energy to open and close the contacts. Only 0.5 milli- 
watt-seconds of operating power (150 volts d.c.) is required to 
close the contacts. To keep them closed requires less than 0.1 
milliwatt, or less than one-hundredth the power required to keep 
a conventional magnetic-coil relay closed! This low power re- 
quirement opens up a vast new field of applications, eliminating 
need for much pre-amplifier equipment. 

How the Capaswitch works—Application of an actuating voltage 
creates a bending moment in the electrostrictive capacitive ele- 
ment, closing the contacts. Removal of the actuating voltage and 
discharge of the electrostatic element through external circuits or 
through a resistor, removes the bending moment, opening the 
contacts. 


Time Delay Function—If appropriate resistances are applied in the 
circuit, the Capaswitch will function as a time delay relay to open 
or close the contacts. For longer time delays a larger condenser 
may be paralleled to the capacitive element. 

Pulse Characteristics—Initial closing time of the Capaswitch is 10 
milliseconds, However, it can be actuated by pulses as short as 
10 microseconds or less. The electrostatic element may also be 
used to store low power pulses until sufficient voltage has been 
accumulated to operate the relay. However, present models can- 
not be used for accurate counting. 


High Overvoltage Capacitance—Absence of a coil enables the 
Capaswitch to withstand wide voltage variations. As much as 
200% overvoltage may be applied to the electrostatic element 
without damage. Low power requirements virtually eliminate 
heat and resulting dissipation problems, and reduce the number 
of needed components, saving space and weight. 

Available now—Until recently the Capaswitch has been available 
only in limited quantities. Now, however, stepped-up production 
schedules assure increasing supplies. 






THE MODEL A-150 CAPASWITCH 


a single pole, double throw 
relay, rated at 1 amp., 110 
v., A.C. non-inductive load. 
Normal operating voltage 
150 volts D.C. 


OVERALL DIMENSIONS: 

Length: 312” 

Width: 1-7/16” including 
solder terminals 

Depth: 11/16” 

Weight: 1.7 ounces 
























Write today for complete 
specifications and prices! 


OT ac 


Established in 1927 
2300 East 27th Street * Los Angeles 58, California 
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duction with no increase in either the 
reliability nor in the excellence of 
the structure. 

Much time and expense is used in 
testing electrode deposits to make sure 
they have great ductility. Yet riveted 
joints have no ductility, relatively 
speaking, and are accepted without 
question. 

Standard practice is to make riveted 
joints tight by caulking. The resulting 
undercut is enormous yet a welding 
undercut that is almost infinitesimal] 
in comparison is frequently made the 
reason for rejecting welds. The con- 
tour of the deposit of the weld is a 
matter of close inspection but no one 
examines the contour of any rivet or 
the hole it may only partially fill. 

Insured vessels must have their 
welds X-rayed, and we see welds 
chipped out and rewelded because of 
trifling porosity; yet no one X-rays 
a riveted joint. 

Any excess strain placed on the 
welded structure will distort the rest 
of the structure and render that 
structure valueless for its intended 
purpose long before the weld would 
fail. Yet such testing and rejecting is 
made mandatory in many structures 
but, of course, never in riveted struc- 
tures. Castings, both steel and gray 
iron, are rarely required to be X-rayed, 
yet from the material of the castings, 
it is well known that many hidden 
defects are present. 

Over the forty years since arc weld- 
ing has been in commercial existence, 
Mr. Lincoln claims, welding “has con- 
sistently done a more reliable job 
than rivets or castings. In spite of 
this experience, the engineering pro- 
fession continuously requires these ex- 
cessive and uneconomic tests and re- 
quirements. Mr. Lincoln says it is 
high time that welding be given its 
proper place in manufacturing meth- 
ods, without restrictions which are 
harmful. OOO 


Current Status of 
ASA Drawing Standards 
Revision 


Revision of the American Standard 
Drawings and Drafting Room Prac- 
tices. ASA Z7.14.1-1946, has been under 
way since 1948. An ASA Sectional 
Committee, originally under the chair- 
manship of R. F. V. Stanton and later 
under R. P. Hoelscher of the Uni- 
versity of Illinois, has held a series 
of meetings to review and expanding 
the content of the 1946 standards. 
Efforts were made to unify the stand- 
ards with those of other groups, both 
in this country, and in England and 
Canada. The results of these efforts 
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DOW CORNING “ 


SILICONES mo 


For maximum safety, 
carrier planes are fueled and defueled immediately 
before take-off or after landing. Several fast reversible 
pumps are used, any of which can fill or empty a plane’s 
tanks within minutes. The pumps and their motors are 
big and heavy, however. So much so that the Navy 
challenged manufacturers to produce new motors 
which would combine top dependability and absolute 
minimum weight. 


The Reliance Electric & Engineering Company attacked 
the problem both inside and out. They made the entire 
TENV frame and the mounting brackets of aluminum, 
ribbed for maximum heat dissipation. On the inside, 
silicone (Class H) insulation raises the power-per-pound 
ratio by over 50%, and also provides extra resistance to 


first in 
silicones 





MMOL Te he 
Tay — a 


ae 
MIDLAND, MICHIGAN _— a 


. ATLANTA ° 4IC AGC * CLEVELAND 
Branch Offices in on cpivig ced —n 





RELIANCE 20 hp (class H) Motor 
330 Pounds Lighter than Conventional Design 





tors more muscles 








weathering and salt spray. As a result, the finished 
motors are among the smallest and lightest ever made in 
their class. The 20 hp unit, for example, weighs some 
330 pounds less than the conventional 20 hp motor. 
Already they have been specified for the new super 
carriers Forrestal and Saratoga. 


That's typical of the “design-ability” of Class H insulation 
made with Dow Corning silicones. Adaptable to any 
electrical equipment and costing only slightly more than 
the next best class of insulation, it can be used to 
increase the power-per-pound ratio or to extend the 
life of electrical machinery over ten times. For better 
performance, lower maintenance costs, and greater sales 
appeal, alert design and management men specify 
Class H insulation made with Dow Corning silicones 


mail this coupon Today! = 


Dow Corning Corporation, Dept. AE-16, Midland, Michigan 

Please send me 

[_] List of Class H rewind shops [] More performance data on Class H 
[] List of Class H Motor and ~—=_[[] Class H Transformer Manufacturers 
] ‘Tall Tales and Fabulous Facts’’ about silicone products 


NAME TITLE 

COMPANY 

ADDRESS 

city ZONE STATE 
LLA ETR l E NEW YORK 


WASHINGTON, D. C 
Great Britain: Midlond Silk Ltd., London + France: Cie. St. Gobain, Pari oe 
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to date are described very briefly in 
bs | the listing of status reports of the 
variable auto-transformers various subcommittees which is given 


: below. 
for smooth, continuous control of 


Voltage * Power * Speed « Heat + Light Status of Subcommittee Reports 










The highly efficient, new 3000B Adjust-A- = No. 1. Size and Format. The most 
Dike Sadie ia -weritihe tenainemer de- significant change from ; the 1946 
sign, gives excellent regulation Junction | standard is the inclusion of the 9 x 12 
box provides for B-X or conduit wiring. basic size as well as the 82 x 11. The 
It’s ruggedly constructed for standard | report covers the location of | title 


bench, panel mounting or built-in appli- 
cations. Input from 115 V, AC hne—out- 
put ranges from 0 to 135 V Max rating 
4000 VA Ganged assemblies provide for 
series, parallel or polyphase operation 
with a single knob 


blocks, revision lists, parts lists, zoning 
and folding. 

No. 2. Line Cenventions, Section- 
ing and Lettering. The report shows 
weight of lines for both pencil and 
| ink work. Two types of cutting plane 
lines are approved as well as the use 
of either a center line or solid line in 
separating the two parts of a_ half 
sectioned drawing. 

No. 3. Projections. The following 
items have been added to the 1946 
report: A simple intersection, an il- 
lustration of a flat pattern layout and 
| illustrations of the fundamental op- 
Compact. efficient Type | erations of descriptive geometry. 

Fasc nen eae No. 4, Pictorial Drawing. This new 

section defines and illustrates the vari- 
ous types of pictorial drawing, includ- 
ing sectional views, dimensioning, 


SEUULUU MAGE e VLU GC Ma Tae | olnc and exploded views 


No. 5. Dimensions and Notes. This 
2240 E. THIRD ST. * DAYTON, OHIO | report, considered the most important, 
will be circulated to industry for com- 
<a kedeceietecher cael tata Ap ot ica ah ickpenenncpeditncicin ts mccain cecaetsioecnieenialonisepiaep etiam ment in the spring of 1954. 

No. 6. Screw Thread Representa- 
tion. The section goes much farther 


; into the discussion of the disposition 
of tolerances, allowances, and crest 
clearances for the various classes of 

Si | unified and American Standard 


New design pre-adjusted brush 
assembly maintains almost uni- 
form pressure from full-brush to 
no-brush... assures longer, more 
reliable operation. Easy to insert 
—uses only two screws. 








Write tor new 18-page Catalog No 553-5 with full 
specifications and prices on the full Adjust-A-Volt 
line ranging from 0.34 to 16.8 KVA. 


PR, 


gyieel ; yresent time it does not include square 
aan AIR ae Sst Male. r oe 
Eight pages, well by V ALN 


—= 


rrot VALVE threads than the old standard. At the 






i 

y RDS No. 7. Gears, Splines and Serra- 
i in- TANDA : . 
ing Valvair's unique \ : yt TO 3.1... 5 tions. Greatly expanded over the 1946 
advantages for you. X g\GNED AND 8 edition, this section includes bevel and 
The bulletin starts ’ - worm gears as well as spur gears and 
thus: h @ A Hefty Assist shows minimum dimensions which 
"Walvair air control to Automation must be given for any gear as well 


valves are the ex- as those needed when close tolerances 
pression of an origi- 
nal, exclusive, per- 
haps ingenious idea 
in design and 


© Fully Enclosed are required. 


@ Integral Junction Box The following sections. with the 
exception of No. 13 on Springs, are 


construction. Get 20,000,600-cycle entirely new and represent an effort 
“The objective: life and more with to give more complete coverage of 
To meet virtually Speed King, industry’s good drafting practice. By their nature 


countless require- 
ments with fewer 
types of valves 


most rugged and com- 
pact control valve. 2- 
way, 3-way, 4-way and 


these sections border in some respects 
on empirical design and require some 


than ever before,” 4-way-5-port (2-pres- explanatory material. which has been 
etc. sure) models for pneu- held to a minimum. 
Your letterhead matic, hydraulic and No. 8. Drawings for Sand Castings. 


vacuum service; pipe raves at So ee eae fill t 
L ctic as nile 
request will be dens ~ 36" sheough 1”. [his section covers such items as 


answered radii, thickness of webs, methods of 
promptly. Affiliate: Sinclair-Collins Valve Compony joining webs and side walls, placing 
VALVAIR CORPORATION 956 BEARDSLEY AVE., AKRON 11, OHIO of lugs, bosses. etc. for drilling spot 
REPRESENTATIVES IN PRINCIPAL CITIES facing and the like. 
No. 9. Forging Drawings. The work 
ASK FOR | on this section is just beginning. 
BULLETIN “M-4”. No. 10. Drawings for Metal Stamp- 





ings. This section covers standard 
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INSULATION RESISTANCE (READINGS TAKEN UNDER HUMIDITY) 


100,000 
MEGOHMS 


INSULATION RESISTANCE BETWEEN COILS 


Control Panels — Electric 


: - Je icici 
' r > : 
s ; 
Zz 


/ 


ere °> \\ 
ek 2 | 


Complete specifications and prices available on request. 


~GEMCO ELECTRIC CO. 


10,000 


MEGOHMS 


APRIL 












7 T 
TEMPERATURE 100—102° F 


RELATIVE HUMIDITY 
- 93 TO 96% 


is0 voc 


RESINITE AC 


— Tests conducted on .253 1.D. x 
\A | .283 0.D. tubes used on coil 


forms for television receivers. 









20 40 60 80 100 120 


TIME IN HOURS SUBJECT TO HUMIDITY TEST 
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Gages— Limit Suitehes 








GEMCO ELECTRIC Rotary Limit Switch. 
For use where movement can be ex- 
pressed as shaft revolutions. Precisely 
controls movement of electrically oper- 
ated doors, windows, machinery, large 
valves, etc. Large selection of gear 
ratios assures unlimited control. Easily 
adjusted cams lock securely in place. 


Highest quality bronze and steel gears 
supported by Oilite bearings. Enclosure 
is durable, molded, Gemco Fibraloy, 
a special fibre glass alloy resistant to 
shocks, solutions of acids, alcohols, 
hydrocarbons and heat. NEMA type 
4 and 7 enclosures also available. 


25681 W. 8 Mi. RD. 


DETROIT 19, MICH. 


YOU THE 
HIGHEST 


RESINATED PRODUCT 


Performance data—compiled from laboratory tests, actual 
field operations and reports from manufacturers — prove 
the outstanding operating characteristics of Resinite. In 
volume resistivity ...low moisture absorption. . . excel- 
lent thermal properties . . . low power factor . . . and resist- 
ance to voltage breakdown... Resinite outperforms all 
other resinated products. 

Resinite Coil Forms are available with inside or outside 
threads—slotted, punched or embossed. Special three-row 
threaded design permits axial pressure in excess of 25 lbs. 
‘Torque controllable to + or — 1 inch oz. 


RESINITE 8104—very high dielectric properties under extreme humidity. 


RESINITE “AC”—-very high dielectric properties —completely immune to 
electrolytic corrosion. 


RESINITE 104—for stapling, severe forming and fabricating. 


Write today for Full Details and Technical Information 


Ny eee 


aE 


INSULATION RESISTANCE OF ANY 


DIiViS Gea PRECISION PAPER TUBE. 


2035B West Charleston Street, Chicago 47, Illinois 
79 Chapel Street, Hartford, Conn. 
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EVEN I CAN REPLACE 
RECTIFIERS / 


PLUG-INS 


THE UNIVERSAL SELENIUM RECTIFIERS 





Rectifier failures are infrequent—BUT—here is a 
power rectifier that can be replaced on a moment's 
notice without tools. Bring your equipment up to 
date by installing Sarkes Tarzian Plug-In Rectifiers. 
Our engineers will design these rectifiers for your 


application. Please send us your requests. 


New 72-page Selenium Rectifier Handbook Avail- 
able. Latest Engineering Information. Send For 
Your Copy. Price $1.00. 





RECTIFIER DIVISION 


415 N. College Ave., Dept.M2, Bloomington, Indiana 
In Canada - 50 St. Clair Ave., N. W., Toronto 
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practice in stamping and punching, 
including such items as recommended 
hole spacing, edge distance, etc. This 
report is almost complete and requires 
only final revision. 

No. 11. Drawings for Plastics. This 
section is about ready for industry 
criticism. 

No. 12. Drawings for Die Castings. 
First draft yet to be received by the 
Editing Committee. 

No. 13. Drawings for Springs, 
Round and Flat. This section expands 
considerably the material shown in 
the 1946 Standard. It covers the 
method of drawing and specifying the 
various types of sprngs. Essentially 
complete. 

No. 14. Structural Drafting. This 
report will be restricted to details of 
interest to mechanical engineers. 

No. 15. Schematic and Wiring Di- 
agrams. Committee just getting to 
work, 

No. 16. Drawings for Tools, Dies 
and Gages. No action to date. 

No. 17. Hydraulic Diagrams. Ex- 
cellent progress being made after a 
slow start. 

The seventeen sections of the re- 
vised Standard will be published as 
separate documents. It seems quite 
possible that Sections 1 through 8 as 
well as Nos. 10, 11 and 13 will be 
ready for letter ballot of the Sectional 
Committee early in 1954. If they are 
approved and then accepted by the 
sponsors it is hoped that not less than 
the first five will be published this 
vear. ‘ 


Design ‘Trends 


Vacuum Process 
Improves Die Castings 


IN SOME DIE CASTING DESIGNS consid- 
erable difficulty has been experienced 
from excessive porosity, low strength, 
or the surface lacking hardness. This 
is particularly so when a consistently 
high level of quality is required. 

To reduce internal porosity, a new 
method of making die castings has 
been developed in which the air is 
evacuated from the die cavity before 
the molten metal is introduced. The 
new vacuum method not only reduces 
porosity but also increases the skin 
both in hardness and thickness. The 
tensile strength is increased corre- 
spondingly. The vacuum method has 
been used for die casting zinc by the 
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All-steel motor and generator shells 
made by the CLEVE-WELD Process have 


e Radial Grain Flow 
e Superior Electrical Characteristics 
e No Hidden Metal Defects 


As made by the Cleve-Weld Process, a motor or generator shell is formed 
from a flat strip of steel rolled into circular shape. The abutting 

ends are joined by electric resistance butt welding, and the diameter and 
concentricity of the band are perfected by controlled expansion 

and contraction. A similarly formed band of smaller diameter may be 
heat-expanded and then shrink-fitted over the first, and 

brackets or legs may be welded to the outer shell as required. 


Such shells— with their radial, rather than axial, grain structure — 

provide those electrical characteristics which make for 

improved efficiency. They require very little machining and have 

good machinability. Because of the quality of the steel and the 

process used, they eliminate rejects due to flaws in the metal usually 

found in shells produced by other methods. They are economical, 

too! Let us quote on your requirements for shells from 6” to 48” in diameter. 
THE CLEVELAND WELDING COMPANY, 

West 117th Street & Berea Road, Cleveland 7, Ohio. 


(A subsidiary of American Machine & Foundry Company, New York) MOTOR MANUFACTURERS, 
, : GET THIS 28-PAGE BROCHURE 





THE CLEVELAND WELDING COMPANY 
West 117th St. & Berea Rd., Cleveland 7, Ohio 


Ge) products are better... by design 


The CLEVE-WELD)/Process 


for lower-cost circular ~“steel parts 


Please send illustrated brochure describing the Cleve-Weld 
Process. 


NAME__ 
POSITION_ 
Fiennes 


ADDRESS 


-————~—------—5 
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TREMENDOUS 
COST 
SAVING! 


€ 

Wr. Desiquer: 

¢ ¢ 
This NEW instrument plug is 
MOLDED RIGHT ONTO THE WIRE 
. . « The experimental and 
production molds were manufac- 
tured at a Total cost of $350.00. 
The creator of this NEW plug was 
ready to give up his experimental 
idea before he heard of our 
NEW method . . . because the 
lowest price he was able to get 
was a prohibitive — $3500.00! 


You must have ideas for tailoring 
to your products thermoplastic 
plugs or components which could 
be molded-on to wire. 

Send us drawings, specifications 
or samples of what you are now 
using and let us tell you what 
this revolutionary NEW PROCESS 
can do for you. 





Other Molded-on jobs 
done at low cost! 


MILLER ELECTRIC CO. 


120 Main St., Pawtucket, R. I. 
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Nelmor Corporation of Detroit, Mich.. 


| and it is planned to extend its use to 


aluminum and magnesium. 

Vacuum die casting may be done 
on a standard die casting machine 
using standard dies adapted for the 
evacuation of air. In adapting the die 
for vacuum casting, its usefulness for 








Typical zinc die castings made by 
vacuum processing (above) compared 
with those made by conventional 
process after heating to 750 F for 
45 min. Lumps are caused by en- 
trapped gas coming to the surface. 


new method requires a somewhat 
longer operating cycle than the con- 
ventional methods. It is estimated that 
if the reject rate of conventional cast- 
ing is 10 per cent or higher, the use 
of vacuum casting is justified eco- 
nomically. 

Improvements brought about by 


vacuum die casting are important in 











Reader 
Inquiry 
Facility 


e A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


1. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 

3. Single copies of reprints of 


selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


4. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated with the title of the 
item in the Reader Inquiry Fa- 
cility on the page where the re- 
turn card appears. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Facility are listed 
in each issue in “Feature Article 
Reprints” department; turn to 
Contents Page for location. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including several reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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what helps Delta Tools 
get Dependable Power 


FROM 


DOERR OTORS 































—— 


Sai 2 diesel 





“deliver”? For a number of 


years Doerr Electric 
Corporation has 
furnished many of 
the electric motors 
used to operate the 
world famous line of 
Delta power tools, sold 
by the Delta Power Tool 
Division of the Rockwell 
Manufacturing Company. 


lighter, 


A Doerr motor is = 
shown here in a typical 
| n n e 3 application on a 17” Delta 


Drill Press, well known for 


formance and reliability. 
Stronger ere 


Doerr Motors are used as 


standard equipment by many 
® of the foremost machinery 
ta QS manufacturers. The advantages 
D of using this reliable product 


deserve your 
for heat and vibration- investigation. 


Teste equpmening | AS SROUaL 


diesel engine has to withstand in- 
tense heat and constant vibration. Fatlric 

Asbeston tapes—made from UNITED STATES RUBBER COMPANY 
natural asbestos fibers—are 
specified for diesel application because they 
give outstanding heat resistance. They’re 
unharmed by vibration. And, with their 
high strength and thinness, they make 
possible tighter, durable and more 
uniform windings. 

If your electrical windings call for heat 
and vibration resistance, as well as high 
insulating efficiency, specify Asbeston. 

Available in widths from 14" to 114" 
inclusive, ‘“‘thinnesses” of .010 and .015. 









*TRADE MARK 


j (f you have a particular motor problem please let us hear from you. 


Visit us at 

: ' Booth 1955 Electric 
For more information, A.S.T.E. SHOW 
write address below. . Philadelphia 
Textile Divi . Apr. 26 to 30 pL cme tok i 
extile Division Y —- 


UNITED STATES RUBBER COMPANY | 


1230 Avenve of the Americas « Rockefeller Center, New York 20, N.Y. 
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TAR THERMOLAIN: 








“BROILKING” ELECTRIC BROILER 
uses ao large Thermolain refractory shape, 
in block glaze for attractive appearance 
and to facilitate cleaning. 


“CAVALIER” ELECTRIC HEATER 
uses nine inch, hollow, tapered cones of 
Thermolain, a Cordierite ceramic, especial- 
ly designed for this application. 

When the heat is on, you can really depend on Star Thermolain 
refractory porcelain for exceptional performance in any electrica! 
heating device you manufacture. These may be broilers and radiant 
heaters such as those illustrated, ranges and water heaters, roasters 
and coffee-makers, air heaters, rheostats, and immersion heaters. 
Thermolain has good mechanical strength and excellent thermal 
shock resistance—a combination that means long, trouble-free 
heating-element life and user satisfaction. 


STANDARD REFRACTORY SHAPES are 
shown on catalog sheet with sizes, weights 


and other pertinent data. Send for your copy 





PORCELAIN COMPANY 


41 Muirhead Avenue «+ Trenton 9, N. J. 
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|high quality cnrome plated castings, 
ithose that must be heated during 
| processing or end use, pressure-proof 
| castings, and those having definite re- 
| quirements for strength, thermal con- 
| ductivity, or balance. 

| An independent laboratory reports 
|that zinc die castings made by the 
/vacuum process show the following 
'advantages over those made by the 
‘conventional method: Less gas is 
| brought to the surface when heated to 
750 F, Rockwell hardness (H scale) of 
a typical casting is 5.9 as compared 
|to 4.2, tensile strength is 5.6 per cent 
| greater, skin depth is 0.05 in. as com- 
pared to 0.03 in., and typical castings 
are approximately 0.9 per cent heavier 
indicating greater density and_ less 
porosity. OoO0 


Shaded-Pole Motors for 


Fans in Air Conditioners 


(Continued from page 149) 


If an oiled type motor is employed, 
the inconvenience in oiling at the 
proper time is considerable since in 
many designs it is necessary to remove 
'the unit from the window. There is 
|also danger of using an inferior grade 
|of oil, accelerating gumming of the 
| bearings. If a series of units are being 
| maintained in an office building or an 
apartment house, the cost of periodic 
oiling is considerable. If permanently 
oiled motors are employed, the orig- 
inal motor cost is higher. The manu- 
| facturer in general does not warrant 
the motor for more than one year. If 
the motor fails, there is no possibility 
of adding oil in some designs, making 
it necessary to replace it. 

To evaluate motor life at simulated 
|'maximum operating conditions, our 
company built a special life testing 
-room. This room was designed after 
checking with all major shaded-pole 
motor manufacturers as to their ap- 
proach on life testing. We found life 
tests in many cases were not run at 
all and in many cases motors were run 
at room ambients lower than our re- 


quirements. 
This test room has been in opera- 


Design Compendiums 


Each of the six Design Com- 
pendiums now available (see re- 
views on page 252) are obtainable 
at reduced cost in quantity; group- 
ing of orders saves handling and 
shipping expense. 


For quantity prices and order- 


ing information see page 256. 


— 
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THIS 8-MICROFARAD, 4-VOLT UNIT IS NOW AVAILABLE WITH —0% TO +100% CAPACITANCE TOLERANCE. 


Announcing HIGHER RATINGS for 
Micro-miniature Tantalytic Capacitors 


ACTUAL SIZE 


teachin et 
bss 8 
bo 


5/16" 


& 


LARGE CAPACITANCE and small size make Micro- 
miniature Tantalytics valuable where space is at 
a premium. Diameters are .125 inches. 


We can now supply up to 20 volts, 
or, up to 8 microfarads in the ;%“’ 
case size, higher capacitance in 
the 2" case size... and with 
—0% to +100% capacitance 
tolerance! 


Higher ratings are now available in General Electric’s new Micro- 
miniature Tantalytic capacitor line. Eight microfarads at four volts 
can now be obtained in the ;; inch unit, higher capacitance in the 
14 inch unit. Designed for low-voltage d-c circuits, they are particu- 
larly adaptable to transistorized subminiature assemblies, where 
space is at a premium, such as hearing aids. 


SUPERIOR PERFORMANCE. Micro-miniature Tantalytic capacitors 
outperform aluminum electrolytics in electrical stability, operating 
and shelf life, because of the inert characteristics of tantalum metal 
and the stability of its oxide. They gain added reliability from the 
use of silver cases, a non-acid electrolyte, and complete sealing that 
prevents leaking and contamination of the interior. 


WIDE TEMPERATURE RANGE. Micro-miniature Tantalytics can 
operate over a —20 C to +50 C range—may be stored at —65 C. 
With some capacitance derating, they can operate well below —20 C. 
They also perform above +50 C with some life limitations. 


AVAILABILITY. Designed especially for non-resonant, non-critical 
applications such as coupling, by-pass and filtering, Micro-miniature 
Tantalytics can be obtained in sample lots in 2 to 3 weeks, produc- 
tion lots can be shipped in 6 to 8 weeks. For more information, see 
your G-E Apparatus Sales Representative or write for bulletin 
GEA-6065 to General Electric Company, Section D 442-14, Schenec- 
tady 5, New York. 


Cépress 2s Otte TOS emyoorlant 2 cod! 
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| tion since February of 1952. There are 
on test motors from five manufacturers 
5 ra Reet ray ie a se 
tte ry ow to | Tepres nting nine different designs of 
both open and totally enclosed types. 
Oiled types and permanently lubri- 


cated types are also represented. Some 
of these motors have been in operation 
10,000 hr. In no case have any of the 


motors been oiled. To get an idea how 
closely the rack performance checked 
(WITHOUT DECREASING Oe ehy motors in actual units, three units 
were also put in the test room. Re- 


@ WITHSTAND -install MAYCALEX’ sults of these tests indicate that every 


tvpe motor is subject to oil retention 


CONTINUOUS OPERATIN MH . 
mle os aoe glass-bonded mica problems. In many cases, the oil leak- 


age appeared after only 1000 to 2000 
Be ab cpote hire” Slot Wedges TT hr. This does not indicate a high life 
LOOSENING FROM COLD TITS MCC Cor es 
START TO MAX. OPERATING 


PLASTIC ANNULAR 


TEMPERATURE VN Zer-VE: ml [een ee ae BEARING HOUSIN / We RESERVOIR 


@ IMPERVIOUS TO OIL AND withstand or BT reL ime 

MOISTURE, NO COLD FLOW, ST TTATy WA he ee ere are es Wee BEARING RETAINER - 

NO SHRINKING, NO APE es SIPS SS RS eens — ¥ _— BEARING Olt 
CHANGE WITH AGE . SPACER WASHER ep FRED FELT 


4. QUTER CAP 

@ EXTREME ARC 
RESISTANCE, CAN NOT CAR 
BONIZE, WILL NOT BURN, 
mae DIELECTRIC 
STRENGTH 


~ FIBRE Oll SLINGER 


\_ SINTERED BEARING 


Fig. 4—Plastic annulus has been add- 
ed to this bearing to act as oil reser- 
voir. Lubrication is better but, again, 
thermal transfer is impaired. 


An analysis of bearing temperatures 
| in the various bearing designs confirms 
| the heat flow theory one might em 
| ploy im correlating the results. The 
| standard oiled self-aligning bearing 


4 
if 


som nt ER | used in a stamped end bell is shown 
| ES SSE LEGON REPS | in Fig. 2. It can be seen that heat 
ETRE Te ee EN flowing from the rotor, the hottest 
ge ae spot in the motor, through the shaft 
. oft into the sintered bearing can get into 
the end bell only through the virtual 
line contact between the spherical 
surfaces of the bearing and end bell. 
In addition, the bearing and housing 
AYE re re is heavily insulated by oil-retaining 
REGEN a felts. There is no means of oil circu- 
described above, is ‘| lating in the bearing, nor is there a 
ee ee fan on the rotor. Such a bearing op- 
Te leme ) ana manu parse 

factured only by, the — Te erates at temperatures in the order of 
Nae TE ae Od tig-) a Ae 175 F. Furthermore, sintered bronze 
Al sara is used as the bearing material which 
acts as a catalyst at high temperatures 
to accelerate the oxidation of the spe- 

' | cial turbine oil used as a lubricant. 
SINCE 1919 Another design of this type, in 
| which an attempt has been made to 
om | increase the oil supply by adding ex- 
ariivti us — | tra felts and by using a feed felt to 
| connect the reservoir with the bearing 
| felts, is shown in Fig. 3. This bearing 


MYCALEX CORPORATION OF AMERICA | shows less-effective heat transmission 
than that in Fig. 2 as proved by the 

World's largest manufacturer of glass-bonded mica products Sag al anaes : 

Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. ea eee 

ps RRR SS | A ee SO k i. ¢ using the 
, , same general design as shown in Fig. 
General Offices and Plant: BEY] Clifton Blvd., Clifton, N. J. 2 has been offered as a 5-yr bearing. 
A plastic annulus containing 9 cc of 
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SPHALD 


hooks up with progress... 





in Simulated Flight with 


0 iN Ke 


The highly complex electronic 
systems of the LINK B-47B jet 
flight simulator shown here with 
the basic C-11B jet trainer are 
classic examples of LINK’S pro- 
gressive approach to modern 
flight training. PHALON hook 
up wires have an important role 
in these electronic systems and 
in other key wiring operations 
which have made the famous 
LINK TRAINERS synonymous 
with the latest and the finest in 
simulated flight. 


When the requirement is de- 
pendability in insulated wires, 
cables or cord sets, look to 


PHALO. 


PHALO PLASTICS CORPORATION 


COMMERCIAL & FOSTER STREETS 
WORCESTER, MASSACHUSETTS 


Insulated Wire and Cables — Cord Set Assemblies 
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FOR POWER 
CONTROL DESIGNS 















Unequaled for accurate con- 
trol of intermittent machine 
operations—cutting, punching 
and packaging. Gives closer 
tolerances to cut-off, stamp- 
ing, shearing and similar ma- 
chines. Completely automatic; 
manual, mechanical or electri- 
cal control. 






























Hilliard Over-Running Clutch- 
a cs and Couplings are automatie 
in operation. They are unsur- 
passed for automatic two- 
speed drives, dual drives, 
stand-by drives and for allow- 
ing machinery to ‘‘coast’’ after 
drive stops. Excellent as fixed or 
infinitely adjustable ratchets. 


A reliable series of spring- 
loaded slip clutches and coup- 
lings. Rugged construction 
with ample friction surface for 
heavy-duty use. Outstanding 
for preventing overloads and 
shocks; for starting heavy 
loads; as tension drag brakes; 
for reeling and winding opera. 
tions and many other uses. 





* HILLIARD CLUTCHES and COUPLINGS make machine 
drive and power transmission more efficient and economical. 
Experienced engineers will be glad to offer their advice on 
any problems. Complete descriptive material will be fur- 
nished on request. 


MP-4 
for our illustrated brochure # 
for information. 


WRITE TODAY 


CLUTCtd MAKERS FOR OVER FORTY-FIVE YEARS 





106 W. FOURTH STREET, ELMIRA, N. Y. 


In Canada + + > UPTON - BRADEEN - JAMES, LTD. 
a 
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Enlarged Design Compendium on 


Servo Control Design 


a a continuing editorial program reporting developments in the 
design and application of servo systems, recent emphasis has been 
placed on power drives and control in the integral-horsepower 
range. 

To reflect this significant development, a new edition of the com- 
bined reprint on “Designing Servomechanism Systems” has been 
prepared which includes a selection of six of the more recent articles 
on power drives. Subjects include: 


Basic Approach to Servomechanism Design, December 1949. Practical 
analogies demonstrating the relation between speed, accuracy and 
stability; basic methods for reducing hunting. 

Transducers—Sensing Elements for Servos, April 1950. Seventeen types 
of sensing units for converting position or motion into electrical signals 
for servo operations. 

Seven Basic Types of Servomechanisms Analyzed, May 1950. Their ad- 
vantages and limitations as control systems for mechanical amplification, 
remote positioning, automatic control, reaction 
pilot control service. 

Designing Amplifiers for Servomechanisms, July 1950. How to apply 
basic antihunt methods to obtain desired accuracy, stability and speed 
of response in both reversing-motor and clutch-type servos. 

Synchro Controls Feed Tension, July 1950. Dual-motor speed control for 
spooling machine controls tension and synchronizes motors. 

Mechanical and Electrical Factors in Servomechanism Design, November 
1950. Factors often overlooked in design that affect dynamic perfor- 
mance; antihunt devices no cure-all; testing machine to measure servo 
accuracy. 

Movable-Electrode Transducer in Dynamic Balancing, july 1951. Circuit 
using an electron tube with elastically mounted plate measures dis- 
placement and position of unbalance; produces signal to actuate auto- 
matic correcting equipment, 

Proposed Terms for Feedback Control Systems, November 1951. Symbols 
and basic block diagram proposed by AIEE committee. 

Electronic Strain-Gage Weighing, February, 1952. Servo system adds 
speed, compactness and self-printing functions. 

What Price Accuracy in Instrument and Servo Motors, July 1952. Why it 
often pays to select higher-cost types developed for military use when 
designing industrial controls; survey of performance characteristics 
obtainable. 

Feedback Control Fundamentals, July 1952. Basic methods for analyzing 
system stability for both steady state and transient conditions. 

Driving Servo Motors with Grid-Controlled Thyratrons, October 1952. 
Basic circuits and variations for positioning motor control using gas 
thyratrons as power rectifiers. 

Electronic Winder Drives, December 1952. Analysis of various feedback 
control methods and circuits for maintaining constant tension 
constant speed. 

Servo Control for Automatic Crankshaft Balancer, March 1953. Machine 
measures amount and position of unbalance; after manual positioning 
for location, servo determines depth of drill feed; circuits and operating 
sequence of servo control system. 

Feedback Control in Multi-Motor Drives, July 1953. How three servo 
control elements are employed to adjust and co-ordinate speeds of 
three main drive motors in a textile slasher. 

Integral-Horsepower Synchro Systems, November 1953. Design and 
operating principles for electrical systems that take the place of 
mechanical couplings in multi-motor machine drives. 

Bibliography—Servo Control Systems, March 1954. List of annotated 
references bring earlier bibliographies on this subject up to date; 
total of more than 60 references. 


measurement and 


or 


@ Copies of the 96-page booklet are available at $2.50 each on 
orders accompanied by remittance, including 3 per cent tax for 
New York City deliveries. Send orders to Reader Service Department., 
The Gage Publishing Company, 1250 Sixth Ave., New York 20. 


oil surrounds the regular supply felts 
and feeds oil to the felt through a 
small wick. As might be expected, the 
bearing temperature is higher on this 
design because of the insulating effect 
of the annulus. The bearing tempera- 
ture runs 4 to 6 deg hotter than on the 
standard motor. This motor cannot 
be re-oiled except by replacing the 
end bells. It is possible that the in- 
creased bearing temperature may off- 
set any advantage of added oil ca- 
pacity. 

A unit-bearing, permanently oiled 
motor is shown in Fig. 5. This bear- 





ROTOR 
EVOIR FE 
SLINGER UNIT) 
ETURN FELT 
BEARING T_WASHER 
ER & SHAF 
ETAINER 
RUBBER MOUNTIN 
BEARING RING 
END CAP z 


BEARING FEED FELT 

sina (2 PER UNIT 
Fig. 5—Unit bearing of this type runs 
15 to 20 deg cooler than other types 
tested. While life expectency is great- 
er. cost is much higher. 


ing design contains many features 
contributing to a cool-running bear- 
ing. The heat from the shaft can easily 
flow into the bearing (bored into the 
die casting) and through heavy sec- 
tions into the end bell where it can be 
radiated. Also a fan integrally cast 
with the rotor forces air over the 
bearing to help cool it. Spiral grooves 
on the shaft pump oil through the 
bearing, thus insuring lubrication in 
any position of the motor. There are 
four reservoir felts for retaining the 
main oil supply. Oil-return felts feed 
oil back into the supply. Slingers are 
supported to keep oil from leaking 
along shaft. The zinc die casting metal 
is almost completely inactive in its 
catalytic effect on oil oxidation. The 
bearing temperature of this type 
motor runs about 15 to 20 deg cooler. 
The cost of this motor is appreciably 
higher than the other types discussed. 

Another design is said to have a 
20,000-hr life. The operating ambient 
temperature of the life is not known. 
The end bells of this motor are die 
cast and have sleeve bearings of tin 
babbitt alloy, which does not act as 
a catalyst in the oxidation of oil. This 
motor likewise has an _ unrestricted 
heat path from the bearing to the 
case. A soft wool wicking holding 20 
ce of oil under spring tension feeds 
oil to the shaft. This motor is provided 
with oil cups for adding oil in the 
field, if necessary. Oil is retained in 
bearing with slinger rings. The bear- 
ing temperature on this motor runs 
about the same as the unit bearing 
type shown in Fig. 4. 
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K12 ELECTRICAL CONTACTS (BUTTONS) 


A Wide Assortment of Sizes 
at Your Fingertips... Simplifies Design, Saves Time 


These two General Plate Electrical Contact Kits 


are the answer to your contact requirements for 
development use. 


Kit Kil contains a wide assortment of silver 
rivet contacts. Kit K12 has representative standard 
button contacts ...silver facing on a base metal 
backing for projection welding. Also included are 


metal strips for fabrication of contact parts. 


Dimensional working drawings are included so 


that you can duplicate the exact part on your own 
drawings. 


These General Plate kits help you solve design 
problems by placing standard stock buttons .and 
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General Plate 


Electrical Contact Kits 


for Laboratory and 
Development Use 





rivets at your fingertips. Once a design goes to 
production, there are no procurement delays... 
production quantities are available for immediate 
shipment from General Plate stock. Your contact 
inventories are minimized, “non-standards” are 


eliminated, delivery delays are avoided. 


Available at a nominal cost... write for com- 
plete information and prices today. 


You can profit by using 


General Plate Composite Metals! 





METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


44 FOREST STREET, ATTLEBORO, MASS. 
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UNE 


Set New Records for 


QUIETNESS 
ad LONG LIFE 


UNDREDS OF THOUSANDS of Marco Motors are 
H operating today in homes, offices and factories. 
They are working quietly in room air conditioners, 
unit heaters, office machines. You are not conscious 
of their presence but pay tribute to the quality and 
good value of the equipment that serves you. 


Back of Marco Motors is the precision engineering that 
has produced an electrical design that practically elim- 
inates AC hum. Mechanical tolerances are maintained 
constantly. Electronic balancing assures vibration free 
performance. Ingenious Bearing and lubrication system 
assure long, trouble-free life. The long experience in 
the manufacture of shaded pole motors now benefits 
many through our modern production methods. 


New type motor mount eliminates parts and labor in 
assembly of room air conditioner applications. Available 
in various heights as required by your design. 


Write for literature on 


MARCO MOTORS 





As might be expected, this bearing 
design and the unit bearing type rep- 
resent the coolest-running bearings 
based on our results. This fact, to- 
gether with the more inactive bearing 
material from the standpoint of cata- 
lytic action on the oil, would tend to 
give these designs the best life ex- 
pectancy if the oil is properly retained. 
There is some question as to whether 
the years of life per dollar cost is 
sufficiently better to warrant the 
higher costs of these designs based on 
our results to date. 

From the writer's experience, it 
would seem that the future for the 
application of shaded-pole motors to 
room air conditioners is not too bright. 
At best the shaded-pole motor is mar- 
ginal mainly due to its low efficiency; 
low power factor; high locked-rotor 
amperes; poor two-speed operation 
and lubrication problems. However, 
its low cost may well overrule any at- 
tempts to apply a better motor. 

Another fact which should be 
brought out is that agencies such as 
Underwriters’ Laboratories are con- 
tinually increasing pressure to reduce 
the running current of these portable 
devices. At the present time, we are 
limited in current draw to 15 amp at 
maximum normal load. There is some 
indication that this value may be re- 
duced to 12 amp in accordance with 
paragraph 2126 of the NEC. That 
being the case, it is necessary to do 
all possible to save the current drawn 
by the shaded-pole motor to make it 
available for more compressor output 
or elimination of compressor capaci- 
tors. 

The power companies want our in- 
dustry to improve power factor un- 
less higher rates can be applied to 
purchasers of room air conditioners. 
Not much can be done with the 
shaded-pole type of motor in increas- 
ing its efficiency and power factor to 
a point where any gain could be 
realized. 

The power companies are also 
interested in the locked-rotor current 
of room air conditioners. It may be 
necessary to spend more money for 
fan motors of different electrical con- 
struction to secure the increased eff- 
ciency and power factor and lower 
locked rotor current. ooo 


Three-Dimensional 
Tube Sections 
(Continued from page 162) 


photographie lighting were encoun- 


af «=f Ch =m tate 


Quality Motors | tered which severely limited the value 
of the sample. Sections which were 
thick enough to give a sense of tube 
depth (left) were too difficult to illu- 


tailored’ to 


your product at 


ready-made prices 
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minate internally, and thin sections 
(right) were no better than a mechan- 
ical drawing. 

A wedge shaped section was next 
tried, Fig. 2, in which one surface 
was cut at an angle of 45 deg to the 
tube axis. Internal lighting was im- 
proved, and the intersections of grid 
mesh wires with the 45 degree plane 
gave a dotted, enlongated contour of 
each grid which made is possible to 
measure spacing accurately. With an 
epoxy resin, such as Minnesota Min- 
ing and Engineering Casting Resin 
No. 2, shrinkage was less than 1 per 





Fig. 2—An angular section offers an 
opportunity to measure vertical di- 
mensions as well. 


cent. These resins are amber colored, 
however, and for photographic pur- 
poses a colorless resin is preferred. A 
polyester resin, such as Castolite, 
shrinks to 20 per cent of its volume, 
and so cannot be used where accu- 
rate measurements are needed. 

Even with a clear resin internal 
illumination of the tube elements in 
the thicker, part of the wedge was 
still unsatisfactory. It was then de- 
termined to cut the bottom plane of 
the wedge also at an angle to the 
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Fig. %—Lighting 
wedges. 


layout for thin 


tube axis. Some weird results were 
obtained. If the bottom plane is too 
steep, the grid turns are cut both 
before and behind leaving unattached 
grid wires suspended in the plastic 
presenting a very odd impression of 
an electron tube. But with the bot- 
tom angle properly selected, useful 
three-dimensional presentations was 
obtained. 


The layout for photographing the 
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Knowing how you use cold rolled strip steel in your 

fabricating operations and what it is called upon to do 

in the finished product . . . CMP can develop through special 

processing for those needs an individual strip product that 

many times makes possible important savings in fabricating, 
assembly and end-product costs. 


These are some of the advantages you can count on 


A review of your strip steel specifications in terms of what CMP 
precision strip steel can do for your product betterment may prove 
mutually advantageous. We will welcome your invitation to call. 


‘the Cold Metal Products co. 


GENERAL OFFICE: YOUNGSTOWN 1, OHIO 
PLANTS: YOUNGSTOWN, OHIO AND INDIANAPOLIS, INDIANA 
SALES { New York e Cleveland e Detroit ° Indianapolis 
OFFICES: | Chicago e St. Louis e Los Angeles * San Francisco 
LOW CARBON, HIGH CARBON (Annealed or Tempered), STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 
THE COLD METAL PRODUCTS CO. OF CALIFORNIA 

6600 McKinley Avenue, Los Angeles Phone: Pleasant 3-1291 

THE KENILWORTH STEEL CO., 750 Boulevard, Kenilworth, New Jersey 

Phones: N. Y., COrtlandt 7-2427; N. J., UNionville 2-6900 
PRECISION STEEL WAREHOUSE, INC. 

4425 W. Kinzie, Chicago Phone: COlumbus 1-2700 
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wedge is shown in Fig. 3. Reflected 
light is necessary to bring out the 
tiny grid wire intersections at the 
RE DUC a A au LOY COSTS | surface of the plastic. The angular 
cut planes allow the illumination of 
the internal tube elements in a step- 
THE TREND toward high gold content ped fashion so that the anode, for 
Of of : eri instance, does not throw a shadow 
(69% gold, 6% platinum, 25% silver, over the rest of the internal structure, 
for example) rapidly leads to mounting 
costs for contact parts. These costs can 
be greatly reduced by using an IJm- 
proved laminated metal. A precious 
metal alloy is solidly and permanently 
bonded to an inexpensive, non-ferrous 
base metal with the finished product 
just as effective as its more costly 
counterpart. 
GOLD BASE This material can be had in wire or 
ALLOY METAL tubing form as well as in the bar form 
illustrated. Quotations rendered upon 
receipt of your specifications. 


The Home of IMPROVED Service 
Rhode Island‘s largest manufacturer 
of Laminated Metals 


er | 


——— 


he IMPROVED SEAMLESS WIRE COMPANY 


775 Eddy Street, Providence 5, Rhode Island 
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A unique design telephone type 

lever switch, rugged but light con- 
struction. For applications requiring de- 
pendable switching. Made in 2 and 3 posi- 








ss aieces Rupied 
Applications - 














| 
tion types, both locking and non-locking. ta a ; 
“LEV-R-SWITCH” MODIFICATIONS Fig. 4—Two examples: note off-center 
A smaller switch for single Our flexible tools make modi- wR | position of heater in section above, 
hole mounting. Available in fications to meet special re- » — o. Te ae ‘ 
many popular and less com- quirements economical and THIS " and eccentric position of screen grid 
plex circuits. practical. | below. 


CATALOG 


Should Be In Your File! 


Write for catalog of standard switches and other 
components. For modifications, please furnish com- 
plete information—aopplicable specifications, quan- 
tities, etc., for prompt handling of your inquiry. 


Using the obtuse wedge, properly 
| cut, offers other advantages over the 
| usual cross sections cut perpendicular 

to the tube axis. Deformation and 
misalignment of tube elements and 
their effects on tube operation are 
more easily seen. Note heater posi- 
tion in the cathode sleeve at left in 
Fig. 4 and the screen grid side rods 
pushed off center in the section at 


AAAS Aa 


1324 N. Halsted St., Chicago 22, Ill. 


Canadian Representative: Atlas Radio Corp. Ltd., 560 King St. W., 
Toronto 2B, Canada. Phone: Waverly 4761 


* The name ‘‘Switchceraft’’ is a registered trade mark and is the property of 
Switchcraft, Inc. 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e the right. oa0 
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One customer needed 6 kva of 115 volt, 400 cycle 
single phase alternating current with less than 1% 
harmonic content, plus 2 kw of 24/29 volt direct AC & 
current. ESCO designed and assembled this self- 
contained generator set to meet these specific re- 
quirements. The 15 hp, induction type motor runs e TORQUE MOTORS 

‘ at 3428 rpm on 3 phase, 60 cycle, 220/440 volt 
current. Motor control and automatic voltage regu- 
lators for both generators are mounted on the con- e AC & DC GENERATORS 
trol panel to complete this power package. 


built to specification by ESCO e GENERATOR SETS 


Whether you need single or multi-phase generator 
sets (1% to 10,000 cps), ask ESCO. ESCO builds e CONVERTORS 
them to order. 











DC MOTORS 









If a motor-generator set will solve your problem... DYNAMOTORS 
if you are in need of a designed to order motor, 

generator, convertor, or other rotating electrical 

component... 


Let us show you how ESCO can solve your 
particular problem. 


ELECTRIC ETO) SPECIALTY 


171 SOUTH STREET STAMFORD, CONN. 


Please send catalog 53-PD, ESCO Specially 
Designed Rotating Electrical Equipment. 


NAM 


POSITION 


(Please attach to, or write on, your company letterhead) 
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Triple “M” is the 
Electric Motor Maker's 
No. 1 Source.for Precision Engineered 
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BRUSH CAPS~+~ BRUSH HOLDERS 


_AIND oWicducst COMPANY ing 


“_ A 60M. Fotterton Avenue 
Chicago 39, ilinois 


Metal Statistics 





Contrary to expectations and in the face of re- 
peated contrary predictions, major metal markets 
developed surprising strength in the past month, 
By mid-March, copper, lead, zine and tin had over. 
come earlier declines and were pushing up to 
higher price levels. Observers wondered whether 
this upward trend reflected a recovery in the 
entire economic structure. 


COPPER—Ever since trading in copper began on 
the London Metal Exchange last August, market 
analysts have been predicting that the price of copper 
must go down. And for a while it seemed as if these 
predictions would be borne out quickly. But begin- 
ning at the end of February and lasting at least until 
mid-March when this report was written, the copper 
market developed surprising strength and, as a re- 
sult, a firmness not apparent since the end of price 
controls made itself felt throughout both the primary 
and secondary markets. This about-face has been due 
to a number of reasons, principally it is felt because 
of the fact that Chile has held off selling of copper 
until the agreement with the United States is ratified. 
Then, too, a growing scrap shortage has occurred due 
to the tremendous exportation of copper scrap to 
Japan and to European consumers. The diversion of 
scrap has caused higher prices for the secondary 
metal and has resulted also in an aggravated competi- 
tion among smelters and ingot makers for available 
supplies. Early in March, ingot maker representatives 
went to Washington to urge the Government to limit 
exports of scrap. No action had been taken by 
mid-March, however. 

All these developments caused custom smelters in 
March to advance their prices for electrolytic copper 
¥4¢ to 29.75¢ a lb delivered Connecticut Valley. The 
producers had held fast to their 30.00¢ selling price 
throughout this period. Custom smelters, however, 
had been able to undersell them by ‘%2¢ to %4¢ a |b. 
By mid-March it appeared that the custom smelters 
might have to raise their new 29.75¢ price to 30.00¢ 
as well. 

Curiously enough, all this occurred at a time when 
producers themselves were seeking to reduce their 
output of copper because of a drop in consumption. 
As in other metals, it was felt that there had been 
over-production and that as a form of readjustment 
to peacetime conditions a cut in output was neces- 
sary. While such reductions were put into effect in 
U. S. mines, the two large producers—Kennecott and 
Anaconda—who sought to reduce operations at their 
Chile mines found themselves up against the Chilean 
Government's opposition to such a move. Chile re- 
fused to permit a cut in production. Meanwhile, the 
Chileans continue to maneuver for position in their 
bargaining with the U. S. Rumors have been circu- 
lated as to what Chile intends to do but thus far 
nothing definite is indicated. 
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“USE ROGAN’S 
STOCK MOLDED KNOBS 


® Modified To Meet 
Your Specifications 


®@ Markings Branded To Fit 
Your Own Requirements 


@ Special Shaft Holes 
‘. At Nominal Cost , 
‘ 


s ? 
~ ie = ne .. 
No need to pay excessive tooling costs, 
when you need knobs. Rogan can 
supply them from stock molds modified 
to your specifications, branded with 
your markings, at substantial savings. 


Send for details now. 


ROGAN BROTHERS 
027. N. Monticello - Skokie, Ill. 


Ee 
PRESSION | ‘MOLDERS ‘AND BRANDERS OF PLASTIC 





4 piati NG - BUR 
NISHED CADMIUM 


G 8O0Y- 
20 ws 


a2, 
<2 Ny 
BE PRONG 
> HEAVY SUVER PLATE 


N 1&2 CONTACT TYPES 


SHIELDED TYPE 


PLUGS & SOCKETS 


FREQUENCY CONNECTIONS 
LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 


For quality construction thru 
out, and fine finish, see dia 
sram above 

101 Series furnished with 
%”, .290", 5/16”, 3%”. or % 
ferrule for cable en.rance 
Knurled nut securely fastens 
unit together. Plugs have cer 
amic insulation; sockets bake- 
lite Assembly meets Navy 
specifications. 

202 Series Phosphor bronze 
knife-switch type socket con- 
tacts engage both sides of 
flat plug contacts—double con- 

tact area. Plugs and 

sovkets have molded 

bakelite insulation 
For full details and 

engineering data ask 

for Jones Catalog No. 

18 


Howarp B. Jones Division 


NCH MAN 2 1a RING CORPORATION 


UNITED-CARR FASTENER CORP 





Copper statistics for January showed a rise in con- 
sumption. Consumption was 100,805 tons, or 17,153 
tons over the 83,652 tons consumed in December. 
New business booked by fabricators was 72,476 tons, 
however, a decline of 17,046 tons. Total industry 
stocks in the hands of producers and fabricators at 
the end of January were 463,740 tons, a reduction of 
4786 tons. 

Meanwhile, the British Ministry of Materials an- 
nounced that the Government broker will stop selling 
copper on May 31. It was indicated that this did not 
mean that the Government's copper stocks have been 
disposed of but that it has sold all the copper it 
wishes to and will transfer the balance of the stocks 
to its strategic reserve. 


LEAD AND ZINC-—Lead and zinc prices snapped 
back from their low position at the mid-February 
mark, causing much more optimism among producers. 
At that time, zinc had dropped to 9.25¢ a lb, f.o.b. 
East St. Louis and lead was quoted at 12.50¢ New 
York. The turnabout came early in March when lead 
strengthened and prices jumped back %2¢ to 13.00¢ a 
lb. Zine, at the same time, pushed up %¢ to 9.75¢ 
East St. Louis. 

The strengthening of the price situation occurred 
at a time when both lead and zinc producers con- 
tinued to make attempts to reduce accumulated stocks 
of metal by cutting production at mines so as to 
bring production and consumption more into balance. 
Somewhat better foreign business was also respon- 
sible for the stronger market tone. 

The zinc figures for February showed a marked 
improvement. There was a decline in the domestic 
slab zinc output of more than 10,000 tons, while 
shipments were higher. Production of all grades of 
zinc in February came to 68,020 tons, as compared 
with 78,561 tons in the preceding month. Shipments 
of all grades of zinc in February were 66,738 tons 
against 60,692 tons in January. At the close of Febru- 
ary, surplus stocks of zinc in the hands of producers 
came to 199,994 tons, against 198,712 tons at the end 
of January. 

Lead statistics for February were also expected to 
show a better position for the metal but were still 
unavailable at press time. January figures still showed 
a poor position with stocks of refined lead amounting 
to 92,496 tons, against 81,152 tons at end of Decem- 
ber. Refined lead output hit 48,518 tons, about the 
same as in December but February output was ex- 
pected to be lower. Shipments in January came to 
37,108 tons, a slight increase of about 2000 tons over 
December. 


TIN—Another metal that made remarkable price ad- 
vances during the past month was tin. Reports that 
the U. S. would negotiate an agreement with Indo- 
nesia sent prices soaring during the early part of 
March. Whereas tin had been priced around 85.00¢ 
in the middle of February, it jumped about 6.00¢ a 
lb by the middle of March and seemed headed higher. 
on March 10 it had reached 91.00¢. 

On March 13 it was announced that the U. S. had 
agreed to purchase 18,000 tons of tin from Indonesia. 
The agreement covers the year beginning March 
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ne FKansteel : 
ELECTRICAL CONTACTS 


The switch, the rheostat, the relay, the circuit breaker . . . continually refined 


RSS 





since the early days of electrical controls . . . st// depend on 
the electrical contacts for their proper function . . . will continue to 
depend upon them for their further improvement. 

Because meeting the demand for these vital components has been 
Fansteel’s business since 1914, the chances are that the electrical contact you 
| need has already been developed by Fansteel. If not, you can depend 
| on the know-how and the production facilities of Fansteel to have 


it for you quickly, precisely, economically. 


FANSTEEL METALLURGICAL CORPORATION wnoxrtu cHicaco, ILtINO1s SEDO 


A reference text 


Since 1914, World’s Largest Producer of Electrical Contacts Tre: att ta) 
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BARS—carbon & alloy, hot 
rolled & cold finished 


STRUCTURALS—channels, 
angles, beams, etc. 


PLATES—U, M. & sheared, 
Inland 4-Way Floor Plate 


SHEETS—hot & cold rolled, 
many types & coatings 
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SAUEREISEN NO-1 


asbestos, wood, etc. It is 
adapted to countless uses 
in the electrical industry. 


STEEL 


Every Kind 


Immediate Shipment 


NEARBY STOCKS INCLUDE: 


TUBING—seamiess & welded, 
mechanical & boiler tubes 


STAINLESS—Allegheny sheets, 
plates, bars, tubing, etc. 


REINFORCING bors & access. 
BABBITT bearing metal 


MACHINERY & TOOLS for met- 
al fabrication 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants: New York, 
Boston, Philadelphia, Detroit, Cincinnati, Buffalo, 
Cleveland, Pittsburgh, Chicago, Spokane, Seattle, 
Milwaukee, St. Louis, Los Angeles, San Francisco 












STRONGEST ADHESIVE KNOWN FOR 
Assembling, Sealing, Insulating! 


Sauereisen Insa-Lute Adhesive Cement No. 1 is a 
white, creamy cement which hardens into an unglazed 
porcelain-like body. It sticks like cold solder, in- 
sulates electricity but radiates heat, resists acids, oil, 
fire! Withstands temperatures to 2,000° F. It is 
the original ready-mixed acid-proof mortar. The 
favorite cement in thousands of factories! 


SPECIAL 
Sauereisen No. 1 adheres TRIAL ORDER 
to glass, porcelain, metal, 1 GAL. 


FREE! 64-PAGE “CATALOG OF USES” WITH EACH 
TRIAL ORDER! SEND TODAY .. . DEPT. EM: 


OBIT Id4 hs ash 


COMPANY 


PITTSBURGH 15, PENNSYLVANIA 











with the U. S. Government paying the average New 
York market price. Higher prices at both Singapore 
and on the London Metal Exchange helped push 
U. S. tin prices to the new high levels. 


ALUMINUM-Stability in aluminum has been one 
of the interesting features of the metal markets and, 
with prices remaining at fairly steady levels, there 
have been no ups and downs such as have character- 
ized other metals. 

A spokesman for the aluminum producers predicted 
that non-integrated fabricators will have no worries 
about securing sufficient aluminum this year. Supplies 
of aluminum are plentiful and producers have made 
available substantially more than the non-integrated 
fabricators elected to purchase in the first quarter of 
1954. 

Earlier, the General Services Administration had 
announced that more than 70 million lb of primary 
aluminum made available as a result of production 
from new facilities will be purchased by independent 
fabricators during the first quarter. The GSA said 
that this amount was offered by the three major pro- 
ducers and is approximately 90 per cent more than 
contracts with GSA required to be offered. Total esti- 
mated aluminum production for the quarter was ex- 
pected to be 693,200,000 Ib. Of this amount, 260,- 
887,000 Ib will come from new facilities. 

There was no change in price which remained 
steady at 21.50¢ a lb for 30-lb ingot, 99 per cent plus. 
Secondary aluminum prices moved up during the 
month, testifying to greater firmness both in secondary 
and scrap metal. 


MISCELLANEOUS METALS—Tungsten: The U. S. 
will not renew its contract with South Korea under 
which it bought $31 million worth of tungsten last 
year, it was reported in mid-March. The price of 
tungsten continued quoted at $4.95 per lb, 98.8 per 
cent. 


Magnesium: Dow Chemical has cut its price of 
magnesium tread plate, now priced at 59¢ a lb, a 
reduction of about 10¢ a pound. This price is for 
%4 in. thickness; other comparable reductions were 
made on other thicknesses. Other magnesium prices, 
however, held unchanged with magnesium pig at 
27.00¢ a lb (Freeport, Tex.) and ingot at 27.75¢ 
(Freeport). Net shipments of magnesium mill prod- 
ucts in January amounted to 913,000 lb, against 919,- 
000 lb in December. 


Molybdenum: Preliminary estimates indicate that 
the U. S. produced 57,243,000 lb of molybdenum 
concentrates in 1953 compared with 43,259,000 in 
1952. Shipments of concentrates totaled 53,711,000 Ib 
against 42,717,000 lb in 1952. Pricewise, there was no 
change. Molybdenum, 99 per cent, was quoted at $3 


a lb. 


Nickel: Civilian users will get about the same 
amount of nickel in 1954 as in 1953, according to 
Defense Mobilizer Flemming. He said the ODM was 
reviewing stockpile objectives, with nickel high on 
the list. Industry spokesman had earlier told a Senate 
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>» KODAK 


VERIFAX 
__ PRINTER 


Eastman Kodak Company’s Verifax Printer is a notable 
achievement in the simplification of photographic re- 
production of letters and other material, and in reduc- 
tion in the cost of duplication. The Verifax Printer is 
also a notable achievement in intricate mold design 
and plastic molding. 


Of the six major components the most complicated 
are the paper cabinet and the printer body. The cabinet 
has an average wall thickness of 0.156” and has align- 
ment lugs molded into top and bottom to facilitate 
assembly with other components. The printer body, 
which rests on the cabinet, has 20 holes molded into 
the body to contain the electric light sockets. It is one 


of the heaviest complicated moldings yet done in 
modified styrene. 


Erie, the pioneer in custom molded plastics, is still 


the pioneer in extending the boundaries of the possible 
in plastic molding. 


Write for your copy of bulletin, “Who We Are... What We Do in Plastics.” 


ERIE RESISTOR CORPORATION .... PLASTICS DIVISION 


Main Offices and Factories: ERIE, PA. 
Sales Offices: Cliffside, N. J. © Philadelphia, Pa. ® Chicago, Ill. © Detroit, Mich. 
Ashland, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. © Toronto, Ontario 


Manufacturing Subsidiaries: 
HOLLY SPRINGS, MISS. * LONDON, ENGLAND * TRENTON, ONTARIO 
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a LOYD SCRUGGS motor... 
tailor-built for the job! 


The advanced styling and precision design of the rugged 
VEE-D-X rotator . . . most outstanding on the market 
...demanded the utmost in motor performance. To 
meet the exacting requirements of LaPointe Electronics, 
Inc., Scruggs designed this low-voltage AC reversible 
capacitor-type motor. 


Take a tip from VEE-D-X... 


and other leading manufacturers. Get the Inside Story 
on Scruggs Motors... and learn how we can help you 
develop better products. We will build a motor to fit 
your specific requirements without obligation. For 
complete information write the Loyd Scruggs Co., 
1022 N. 6th St., St. Louis 1, Mo. 


You can stake your reputation on SCRUGGS MOTORS 
Also manufacturers of shaded pole, DC, and AC-DC motors. 


“ 3S COMPANY 


A Dazey Corporation Subsidiary 
MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 
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subcommittee that they had been told by their nickel 
suppliers that they would have to take a 28 to 33% 
per cent cut in nickel deliveries during the first quar- 
ter of the year. These users complained that this 
would force many smaller companies, particularly 
electroplating companies, out of business. Mr. Flem- 
ming, however, refused to give any figures on the size 
of the stockpile or the Government’s buying for it. 
Consumption of nickel in December was 9 per cent 
below that of November. It was 15,128,367 Ib in 
December, against 17,349,000 in November. Price- 
wise, nickel held unchanged at 60.00¢ a |b. 


STEEL—Despite a continued disturbing downward 
trend in steel production during the past month, in- 
dustry spokesmen were not inclined to be disheart- 
ened. Eugene Grace, head of Bethlehem Steel, said 
that the outlook for steel was good and U. S. Steel 
President Hood also painted a brighter picture for 
the industry as well as for the general economy. 

Yet despite these words of cheer, the steel operating 
rate in the week of March 8, for example, declined 
to 68.9 per cent. A month ago, production was at 
74.4 per cent of capacity and when one considers the 
100 per cent level that obtained not so long ago— 
there seems to be cause for concern in industry circles. 

Some of the steel firms are seeking to meet the 
situation by cutting prices. Weirton last month cut 
its structural steel prices by $5 a ton. But, generally, 
most observers feel that the decline may halt in 
March and that things may begin to pick up later 
in April. 

The impact of the drop in steel output has hit the 
scrap iron industry particularly hard. Prices have 
tumbled from a level of $44 a ton at the time when 
price controls ended a year ago to around $26 at 
Pittsburgh for No. 1 heavy melting steel. The scrap 
trade has been urging the steel mills to cease using 
larger percentages of hot metal (iron ore) and use 
purchased scrap instead. They have also asked the 
Government to consider some means of aiding the 
industry. 


Bibliography on Bearings 
and Lubrication 


In a continuing editorial program reporting new develop- 
ments and design data on the problem of bearings in 
motors and motor-driven machines and equipment, the 
following articles have appeared in ELECTRICAL MANUFAC- 
TURING. 

Bearings and Lubricants for High-Temperature Motor 
Operation, June 1949, page 110. Interim report of 
Bureau of Ships evaluation program. 

Ball Bearing Greases for Motors at Extreme Temperatures, 
December 1952, page 90. Data from military and inde- 
pendent research correlated for the designer of industrial 
equipment; longer life indicated with sodium-calcium 
base and high-viscosity oil. 

Size Selection Chart for Ball and Roller Bearings, January 
1953, page 106. Nomograph and table aid in selecting 
bearing size for a given speed, life and load capacity. 

Selecting Ball and Roller Bearings for Design Economy, 
April 1953, page 136. Review of factors related to 
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How Monel helped 


Norge Design Engineers 


- put the Freeze 


on domestic appliance 


production costs 


Fabric bags used to be specified to hold 
the moisture absorbing silica gel in 
refrigerator dehydration units. They 
were supposed to be cheaper. Once 
filled with the granular chemical, and 
sewed up, they were assembled into 
recessed steel plates. These were 
welded under water to avoid damag- 
ing the cloth, then dried out. 


Naturally, this time consuming opera- 
tion ran up production costs and there 
was always the possibility that the 
bag would rot or come apart in the 
permanently sealed assembly. 


A design engineer who is with the 
Norge Division of Borg-Warner Corp. 
reasoned that a fine wire mesh would 
be a more practical container for the 
silica gel. So, the problem was given 
to Michigan Wire Cloth Co., Detroit. 


Michigan Wire Cloth experimented 
with fine grades of wire cloth woven 
of several different metals — to deter- 
mine which was most suitable. The 
soldered seam required when using 
brass or bronze bags presented a seri- 
ous problem. When the clips were 
welded at the ends, solder stuck to the 
electrodes or ran out of the seams, 
leaving openings for the silica gel to 
leak out. 


Inco Nickel Alloys 


Above, spinning Monel-covered silica gel sack 
into accumulator tube. At right, cutaway view 
showing seam-welded Monel sack installed in 
dehydrator. 


But when they tried 100 mesh, corro- 
sion-resisting Monel, this highly work- 
able alloy welded with a barely notice- 
able seam and they had no trouble 
with the installation. Production was 
stepped up. Costs went down! Actual 
costs over-all became lower than with 
the less expensive cloth bags. 


With Monel, too, there is no trouble 
after installation. Monel holds the sil- 
ica gel permanently despite moisture 
and repeated heating and cooling 
cycles. 


Just as this problem was solved with 
Monel, a problem of yours may be met 
by the special properties of an Inco 
Nickel Alloy. You can check that 
chance quickly with facts from a free 
booklet for electrical designers. Called 
“66 Practical Ideas,”’ it discusses prob- 
lems of heat, corrosion, vibration, oxi- 
dation and fatigue, met by the high 
nickel alloys. Use the coupon here to 
get a copy. 


And if you are in a hurry for informa- 
tion, write today describing your 
metal problem to our Domestic Appli- 
ance man, George Anner. He will be 
glad to help you. The International 
Nickel Company, Inc., 67 Wall Street, 
New York 5, N. Y. 


Mr. George Anner 

THE INTERNATIONAL NICKEL C 
67 Wall Street, New York 5, N. Y. 
Please send me the FREE booklet, 


TRADE MARK 


ame 





Consult your distributor of 
Inco Nickel Alloys for the 
latest information on their 
availability from ware- 
house and mill. Remem- 
ber, too—it always helps 
to anticipate your require- 


ments well in advance. 





E.M.-4-54 
OMPANY, INC. 


"66 Practical Ideas.” 





MONEL® + “R”@ MONEL + “K’@ MONEL 

“KR"®@ MONEL « “’S’’@ MONEL + NICKEL Company___ : 
LOW CARBON NICKEL + DURANICKEL® ia 

INCONEL® + INCONEL “X"@ + INCONEL “W’'@ —e " 
INCOLOY® + NIMONICS® City _ 
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State_ 
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“NO MORE COIL CONFUSION— 
NOW WE’RE USING 


DANO COILS” 


You'd never think a thing like coils would bottleneck 
our entire production schedule—but it did. 

Then, luckily, we heard about Dano and their up-to-the- 
minute coil-making facilities that can turn out special 
coils to exact specifications. Dano solved our problem 
100% with a rugged incapsulated type of coil which is 
free from moisture. Now, thanks to Dano, again our 
production is running smoothly. Dano coils are right, 
everytime. 


An Incapsulated Dano Coil 





Send us samples or specifications 
with quantity requirements for our 


recommendation. No obligation! 


Contact Dano, makers of a wide variety of coils from 
the simplest to the most complex. Every coil tailored 
to Customer specifications. 


@ Form Wound @ Bakelite Bobbin 

e Paper Section e Cotton Interweave 

e Acetate Bobbin e Coils for High Tempera- 
e Molded Coils ture Application 


Also, Transformers Made To Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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effective and reliable performance as an aid in selecting 
anti-friction bearings. 

Economy in Bearing Seal Space, October 1953, page 108. 
Ways of reducing ball bearing seal space are described 
in order to condense design and to reduce weight and 
cost. Double seals found desirable for severe operating 
conditions. 

Solid Lubricants, November 1953, page 129. Evaluation 
of their use in applications where fluid lubricants fail 
or where long periods of storage or inaction may 
precede operation. 

Miniature Ball Bearings for Precision Instruments, W. L. 
Timmerman, February 1954, page 106. Load-speed 
relationship, frictional torque factors, shaft and housing 
fits, internal clearances and methods of mounting and 
lubrication are discussed. 


Correction — 
Human Engineering in 
Control Systems 





THE DRAWING shown here is a correction of the illus- 
tration on page 111, March issue, in the article, 
“Human Engineering in Control Systems,” which was 
incorrectly reproduced owing to reversal of the color 
plate. The drawing is intended to show the relation- 
ship of operator sizes to visual fields. 

Reprints of the article include the corrected draw- 
ing. Single copies of reprints are available to readers 
without charge by circling No. 132 on the cards in the 
Reader Inquiry Facility section of this issue, page 7 
OO 
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